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IN THE HIGH POWER RANGE, 
THE TRANSITRON UNITS FEATURE: 


4 * the widely accepted stud-mounted 


6 ~h package, pioneered by Transitron 
i « low saturation resistances 
: * voltages to 100 volts 
* reliability-tested specifications 


tei Write for Bulletin TE-1355-1210 
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IN THE INTERMEDIATE POWER RANGE, 
THE NEW TRANSITRON UNITS FEATURE: 


« 4s” hex base stud-mounted package 


e saturation resistances under 3 ohms 
(2N1647-50 series) 


*« guaranteed Betas over normal operating 
range 

° vonege ratings as high as 200 volts 

. (2N2018-21 series) 


¢ true intermediate power capability 


Write for Bulletins TE-1355S and TE-1355-2018 
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Aa 
TRANSISTORS 


The widest range of silicon power transistors is now avail- 
able as the result of Transitron’s development of an ad- 
vanced line of competitively priced silicon transistors in 
the intermediate and high power ranges. 


Electrical and mechanical advantages of the Transitron 
devices include low saturation resistances, voltages up to 
200 volts, and solutions to heat dissipation problems that 
have long plagued designers. Included in this broad line 
are a number of silicon power transistors that Transitron 
is marketing at prices geared to the budget of the 
industrial designer! 


ALSO AVAILABLE 2N 1047-50 
and 2N1047A-50A SERIES OF 
INTERMEDIATE POWER 
SILICON TRANSISTORS ... 


for applications which require 
the single-ended, stud package. 


Write for Bulletin TE-1355-1047 
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ANOTHER 
TRANSITRON 
EXCLUSIVE: 


NEW 


STANDARD LINE 
OF NATURAL CONVECTION COOLERS 


Transitron has recently canvassed the market for the best 
available natural convection coolers. Under laboratory condi- 
tions, research engineers conducted a series of unbiased tests 
to determine which coolers possess the best heat dissipation 
capabilities for Transitron power semiconductors. 

As a result, Transitron now offers a new standard line of four 
natural convection coolers, backed by extensive applications 
know-how. Transitron is thereby the first company to offer its 
customers a systematic and continuing program of service for 
the solution of annoying heat dissipation problems. 


For further information, write for Application Notes AN-1355C 


and Bulletin TE-1355-1. 
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MEET US AT WESCON - BOOTHS 3502-3504 


‘Ira ngitron 


electronic corporation 


wakefield, melrose, boston, mass. 


SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE - 


CABLE ADDRESS: TRELCO 





NEW DEPARTURES IN MINIATURE 


A SIGNIFICANT “BEARING” ON TERRIER GUIDANCE 
N/D MINIATURE AND INSTRUMENT BALL BEARINGS HELP SOLVE COST PROBLEM IN SUPERSONIC MISSILE 


PROBLEM: Guidance system in Terrier missile required miniature and instrument ball 
bearings that help reduce high cost of assembly and meet rigid reliability standards. 


SOLUTION: N/D Sales Engineer, cooperating with the Iron Fireman Manufacturing 
Company, recommended the use of flanged instrument bearings in the gyro rotor and the 
outer gimbal positions. Result: Flanged bearings simplified both mountings and resulted in 
substantial assembly cost savings. Moreover, a N/D miniature ball bearing ... similar to the 
bearing pictured between tweezer nibs ... is used in the gyro caging cam. It also has a vital 
‘bearing’ on the Terrier's reliability and performance. 


Furthermore, numerous tests in New Departure’s R & D facilities proved the bearings to be 
capable of meeting all environmental demands before gyro production changes were made. 


If you would like Miniature/Instrument ball bearing application assistance, please invite 


the N/D Sales Engineer in your area to participate in your early design dis- 
cussions. He may point the way to assembly cost savings. Or, call or write J 


New Departure, Division of General Motors Corporation, Bristol, Connecticut. 
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MINIATURE AND INSTRUMENT B 
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Send for the New Departure 
Miniature and_ Instrument 
Ball Bearing Catalog and 
White Room Brochure today. 
Write to Department L. S. 


Fz 


BEARINGS 


1 





Everything in 


Precision-Slit § [finrenrasy 
Electrical Insulation 


Mylare 
Thin Film MATERIALS Mylert —ittate —=«*Taflont ‘Polyethylene Dacront Matte 


: Combinations 
and Film : 00025” .00088”  .002” .0015” .008” 
Combinations 


NOMINAL through through through through .009” 
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AVAILABLE yy” Y” %" Yu” yy” 
WIDTHS and up and up and up and up and up 
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IN WIDTH 
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t DuPont Trademark. 


Paper- 
Tan Mylart or 
Electrical ener Vaniies Acetate-Paper 


Fishpaper Cambric 
Kraft Papers Cesiiinetinn Combinations 


Paper MATERIALS maaan 
and Paper 


Combinations 005” 
.007” 005” 
NOMINAL 010” 007” 004” = .010” 006” 
THICKNESSES 015” .010” to through through 
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AVAILABLE 3/16” 3/16” 1/16” 3/16” 3/16” 
WIDTHS , and up and up and up and up and up 
<—————Coil widths under 1”, + 2%-———__——> 


Coil widths 1” and over, + 1/32” 
or 1%, whichever is greater 


NORMAL TOLERANCES 
IN WIDTH GS 


STANDARD DIA. COILS 


ANY STANDARD <—_————Approximately 15” 0.0.—___——>> 
CORE SIZE 


t DuPont Trademark. 


Materials and sizes listed above represent the most widely 

used forms of slit electrical insulation. However, the scope of 

INMANCO’s facilities offers many other variations, such as 

special put-ups, materials, and windings. INMANCO slit coils i) 
are made from nationally recognized products or from mate- VUMAaNCO 
rial which you supply. This, together with a specialist's 

“know-how,” assures you of uniform, hard coils with smooth 

edges and precision tolerances. 


INSULATION MANUFACTURERS 
CORPORATION 


565 West Washington Boulevard, Chicago 6, Illinois 
Branch Offices, Representatives, and Distributors in Principal Cities 


Big orders, small ones, special tolerances, unusual slitting 
jobs—INMANCO engineers and facilities can give you ex- 
actly what the job requires. 


WRITE FOR BULLETIN 33 
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High-quality, long-life 


Barber-Colman geared motors 


give you high torque, 


positive starting... wide 


selection to fit your needs 


QUIET RUNNING 

PRECISION-HOBBED GEARS 

HIGH STARTING TORQUE 

WIDE RANGE OF GEAR RATIOS 
LONG-LIFE LUBRICATION 

POROUS BRONZE OR BALL BEARINGS 
QUALITY GUARANTEED 


a-c small motors 


For longest life per dollar invested, put 
Barber-Colman geared motors into your 
product. Open and enclosed types... 
unidirectional, reversible, or synchronous. 
Highest quality construction .. . gears 
are accurately hobbed in our own plant 
on our own precision Barber-Colman 
hobbing machines. Motors are shaded 
pole tye with torques up to 300 Ib-in. 
and speed ranges from 1/6 revolutions 
per hour up to 1500 rpm. All are built 
for long, trouble-free service to help 
eliminate costly maintenance of your 
product. Yet ccst per motor is sur- 
prisingly low. 

THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 
includes unidirectional, synchronous, and reversible 
types . . . with or without reduction gearing . 


open or enclosed. Stator and rotor sets also avail 
able. Write for quick reference file. 


BARBER-COLMAN COMPANY 


Dept. T,. 1203 Rock St., Rockford, Illinois 
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For Speed Where It Counts in New ‘NLS 30’ Digital Voltmeters 


Transistorized “no-needless-nines” logic makes the new V35A and V34A digital voltmeter-rati- 
ometers at least three times faster than meters with older type logic . . . and you get this speed where 
it counts, in systems applications with varying input signals. The five-digit V35A’s maximum bal- 
ancing time is 2.3 seconds and the four-digit V34A’s 1.9 seconds — no matter how much the input 
signal varies. Under like conditions, all other stepping switch digital voltmeters require 10, 15, 20 
seconds or more — depending on variation of inputs. Only NLS new Series 30 instruments offer you 
the many other benefits of “no-needless-nines” logic, plug-in oil-bath stepping switches, 99% plug-in 
modular construction, and eight other new features. Contact NLS today for the full story on “no- 


needless-nines” logic and Series 30 instruments. 


V35A SPECIFICATIONS: Measures DC voltage from +0.0001 to +999.99, DC voltage ratio from +00.001% to +99.999% 

accuracy: +0.01% of reading or +1 digit for DC voltage, +0.005% of reading or +1 digit for DC ratio... output and 
internal automatic controls for data recording . .. measures AC voltage and low-level DC with accessories . ... completely 
automatic . . . plug-in transistor circuitry throughout, including logic . . . no adjustment needed to read noisy signals or to 
change ratio reference voltage value . . . interchangeable plug-in stepping switches sealed in oil . . . the “Factual Fifth 
Figure”, which means a full 5-digit resolution of 0.001% over the entire range . . . ““No-Needless Nines” logic . . . remote, 
local, or automatic AC/DC switch-over and range changing ... front and rear input connectors ... 10 megohms impedance 
on DC voltage, 1000 megohms on voltage ratio . . . $3,950, complete. V34A (4-digit version) is $3,350, complete. 


Originator of the Digital Voltmeter 


a o 
non-linear systems, inc. vex mar, CALIFORNIA 
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Components, Electrical /Electronic Your Classification: 


Power Sources 


Unconventional Power Sources—! 


A survey of the various types of “exotic” power sources that 
are being developed particularly for use in space vehicles. 
Special emphasis on electrical characteristics, efficiencies, 
power-to-weight ratios, etc. Covered in this part of a two- 
part article are fuel cells and thermoelectric eonverters. 
Thermionic converters, solar cells, magnetohydrodynamic gen- 
erators, etc. will be discussed in Part 2. 


¢ 


E. Randall, International Telephone and Telegraph Corp., 
San Fernando, Calif. 
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Components, Electrical / Electronic 
Semiconductor Devices 

Design Considerations 
Reliability 


Your Classification: 


Semiconductor Failure Analysis 
Using Characteristic Curves 


Four basic types of semiconductor failures are discussed: 
stress, voltage breakdown, degradation, and dissipation. The 
effects that each of them has in changing the shape and 
appearance of the characteristic curves are described and 
illustrated with specific examples. 


+ A. Holladay, Kansas City Div., Bendix Corp., Kansas City, 
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Materials, Electrical / Electronic 


! Your Classification: 
Electrical Insulation and Dielectrics 


% Frequency Dependence of 
Electric Strength . . . a Design 
Consideration Analysis 


Frequency dependence of electric strength at frequencies up 
to 100 mc is an important design factor in the application 
of electrical insulating materials. This article summarizes 
the results of an intensive investigation at The Johns Hopkins 
University Dielectrics Laboratory for the purpose of develop- 
ing appropriate data. Test values are given for 31 different 
classes of materials, test methods are described, and the re- 
sults are discussed in design terms. 


L. J. Frisco, Dielectrics Laboratory, The Johns Hopkins 
University, Baltimore, Md. 
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Systems Your Classification: 
Power 


Precise Variable-Speed, 
Constant-Frequency Alternator 


A-C power generator system is described in which a three- 
phase a-c current is applied to a distributed winding of the 
alternator rotor of ach frequency as to make up the differ- 
ence between the speed-dependent frequency and a refer- 
ence frequency. Frequency comparison is obtained through 
a tachometer generator. 


W. R. Appleman, Hallamore Electronics Div., The Siegler 
Corp., Anaheim, Calif. 
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Your Classification: 
Instrument 
Systems 
Recording, Servo 


Selecting Balancing Motors 
for Measuring Systems 


Each major component of a typical null-balance measuring 
system is described and related to system design and per- 
formance. Special emphasis is placed on _ balancing-motor 
characteristics. 


E. Moraski, National Pneumatic Co., Inc. and Holtzer-Cabot 
Divs., Boston, Mass. 
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Components, Electrical/Electronic Your Classification: 


Semiconductor Devices 
Test and Measurement 
Components 


Tunnel-Diode Capacitance 
Measurements 


The measurement of the capacitance of a tunnel diode is 
made difficult by the occurrence of spurious oscillations and 
by the fact that the capacitance is not directly accessible at 
the diode terminals. Specific suggestions, including circuits 


and instrumentation, are given to help solve this testing 
problem. 


E. Adler and R. C. Wonson, Raytheon Co., Newton, Mass. 
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¢ Quick interpretations of feature-article content 


¢ Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


* Reprints available—see pages 144 and 146. 


For your copy of the ELECTRO-TECHNOLOGY Subjcct Classification for Indexing, circle Number 938 on postcard at end of book. 


Systems 
Contro!l Systems, General 
Computing Machines 
Design and Applications 


Your Classification: 


Design of Reversible 
Magnetic Shift Registers 


By combining transistors with magnetic cores, fast, eco- 
nomical, reversible shift registers can be obtained. The 
design of the circuits is explained in detail, including input 
pulse requirements and determination of switching speeds. 


R. Yii, Burroughs Corp., Paoli, Pa., and L. Mintz, Burroughs 
Corp., Brooklyn, N. Y. 
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Science and Engineering 


Y Classification: 
Mathematics silane 


* Tensor Analysis 


The generalized basis of vector and scalar concepts, tensor 
analysis, is defined and explored for its engineering usefulness. 
Examples, selected references and bibliography are included. 


M. L. Boas and J. J. Hupert, De Paul University, Chicago, III. 


Electro-Technology 


RESEARCH HORIZONS this month. . . 


Problems in man-computer symbiosis are explored at IRE 
Human-Factors Symposium; proper organization of visual 
displays is examined; relation of decision factors to systems 
maintenance is analyzed; also some attention to effective 
built-in automatic diagnostic procedures. . . . Current Euro- 
pean patent and technical literature in electronic components 
and materials deals heavily with capacitor design . . . Flexible, 
fibrous ceramics in experimental stage show possibilities in 
capacitor, conductor and resistor applications. 


Electronic Systems Analysis for Human Factors 
Evropean Patent and Literature Abstracts 


Flexible Ceramic Dielectrics 
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Components, Electrical /Electronic Your Classification: 


Contact Devices 

Test and Measurement 
Components 
Materials 


Mechanics of Electrical-Contact Failure 
Caused by Surface Contamination 


A study of the reasons for failure of contacts in electrical 
connecting devices, particularly sealed relays. Primary interest 
is in contaminants deposited on the contact surface in the 
form of base metal and organic contamination. This report 
details contaminating sources, materials and methods for their 
control. 


S. W. Chaikin, Stanford Research Institute, Menlo Park, Calif. 
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Design Considerations Your Classification: 


Human Factors 


*  Human-Facters Engineering 
Des'gn Standards 


Basic considerations and necessary procedures for the de- 
velopment of hum n-f ctors engineering standards and speci- 
fications are discussed. Illustrations of design “guidelines” 
and “checklists” are drawn frem work done in connection 
with systems requirement for equipment used in the Polaris 
missile submarine. Search and evaluation of system cemp»nents 
from the human-factors viewpoint are essential in such work. 


M. A. Tolcott, A. N. Chambers, P. Preusser, and Staff, Dunlap 
and Associates, Inc., Stamford, Conn. 
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COMING UP... 


The Science & Engineering article in the September 1961 issue 
will be on the subject of Electromechanical Energy Con- 
version. Also planned for this issue are the following: Tran- 
sient Protection of H-F Transistors, Digital Module 
Packages, Part 2 of Unconventional Power Sources, 
Behavior of Materials under Cryogenic Conditions, 
Copper-Base Alloy Spring Materials, Linear and Non- 
linear Circuits, Transformer Specification for Reliable 
Electronic Equipment, Graphical Flux Analysis, and 


Thermistor Bridge. 
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LIES FLAT FOR GREATER PACKAGE DENSITY, HIGHER PERFORMANCE 


This DPDT, permanent magnet, latching relay is 
superior on these counts: (1) shorter height for maxi- 
mum compactness between stacked circuit boards; 
(2) greater sensitivity (80 milliwatts); (3) better vibra- 
tion resistance (30 g to 2000 cps); (4) better shock 
resistance (100 g). 


Designated the FL Series, this relay meets all 
applicable sections of MIL-R-5757D, MIL-R-6106C 
and ABMA #PD-R-187. 


FL SERIES SPECIFICATIONS 


Contact Arrangement: OPDT Pull-in: 150 milliwatts, approx. : 
(standard) at 25°C. coil temperature. 2 . ; Printed circuit board 
Shock: 100 g for 11 milliseconds with 80 milliwatts, approx. (sensitive) i ~ : 7 3 ; 3 using 4 FL relays was 
no contact openings. at 25°C. coil temperature g , ; teas : 
Vibration: .195° max. excursions, 10 Qperate Time: 3 milliseconds max. ; Gesigne o “es or 
to 55 cps. 30 9g from 55 to 2000 cps .. at nominal voltage at 25°C. coil 8 Company, Orlando, as 
No contact openings. temperature 2 part of ground support 


Linear Acceleration: 400g minimum Dimensions: .485" high, 1.100" long, a - re : equipment for a major 
with no contact openings. 925° wide. i «oO Se ; missile project. 
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This large family of dual coil, permanent magnet relays 


can be supplied with built-in diodes, 





special terminals and mounting brackets. Cuan 


ae 


Non-latching or latching relays can be supplied in conventional crystal 
cases with or without shoulder brackets, studs or mounting plates. Straight 
pin, hook-end or 3” flexible terminals are available. 


Potting 3” terminals with epoxy resin at the relay's header keeps glass beads 
from cracking through mishandling during installation . . . adds only .25” 
max. to height of case. Your production is speeded, reliability is increased. 


A diode becomes an integral part of the relay circuit in SC or SL relays. 
It is incorporated in the relay case and is used to minimize arcing in special 
applications. Four diodes can be used as a full-wave bridge rectifier for 
400 cycles. 


Terminals spaced on .200” grids are available on all P&B microminiature 


relays. These carry a‘'G” suffix (SCG and SLG) and are only slightly larger 
in size, measuring .890" high, .800” wide, .400” deep, max. 


SC/SL SERIES SPECIFICATIONS 


GENERAL: TERMINALS: 
Shock: 1009 for 11 millisec. Straight Pin: SC11D (8 pins) 
° SL11D (10 pins) 
: f x s I 
[eke RE aT AE. OND ask Bade SONDA 6 O45DA 
' SCIIDB & SL11DB 
Ambient Temperature Range; —65°C. to +125°C. SC11DC & SL11IDC 


Contact Arrangement: DPDT. SCI1DD 4 SL11DD 


Contact Load: 2 amps at30vdc,1 amp at115 vac, 60cycle. MOUNTINGS: 
Plug In: SC11D & SL11D 


Sensitivity: S L—230 milliwatts at 25°C. Shoulder Bracket: SC11DA & SLIIDA 
SC—-260 milliwatts at 25°C. Flat Plate: SC11DB 4 SL11DB 
COM VOLTAGES to 36 vdc. Back Mount: 2 4-40 Studs: SC11DC & SLIIDC 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DISTRIBUTOR 


@ POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY « PRINCETON, INDIANA 
IN CANADA: POTTER & BRUMFIELD, DIVISION OF AMF CANADA LIMITED, GUELPH, ONTARIO 





What was Bell Telephone Laboratories doing 
ON FRIDAY, JUNE 30, 1961? 


It was exploring the communications pos- 
sibilities of the gaseous optical maser — 
a device which generates continuous co- 
herent infrared radiation in a narrow beam. 


It was developing an anti-missile defense 
system designed to detect, track, intercept 
and destroy an enemy ICBM — in a matter 
of minutes. 


it was perfecting the card dialer which 
permits, through insertion of a punched 
card into a slot, automatic dialing of fre- 
quently used numbers. 


It was preparing an experiment in world- 
wide communications using “active” satel- 
lites powered by the solar battery, a Bell 
Laboratories invention. 


It was demonstrating the potentialities of 
the superconducting compound of niobium 
and tin for generating, with little power, 
magnetic fields of great strength. 


It was developing improved repeaters or 
“amplifiers” to increase greatly the capacity 
and economy of undersea telephone cable 
systems. 


It was completing the development of a 
new “heavy route” Long Distance micro- 
wave system capable of handling over 
11,000 two-way conversations at once. 


It was experimenting with an electronic 
central office at Morris, lll., which is capable 
of providing a wide range of new telephone 
services. 


It was continuing its endless search for 
new knowledge under the leadership of 
scientists and engineers with world-wide 
reputations in their chosen fields. 


Bell Laboratories scientists and engineers work with every art and science 
that can benefit communications. Their inquiries range from the ocean 


floor to outer space, from atomic physics to the design of new telephone 


sets, from the tiny transistor to massive transcontinental radio systems. 
ever-improving Bell System communications services. 


The goal is constant 


BELL TELEPHONE LABORATORIES 


World center of.communications research and development 
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RESEARCH Horizons 


Edited by Avex. E. Javitz, Special Features Editor 


Associate Editor for This Issue: Harowp E. 


Electronic Systems Analysis for Human Factors 


IRE symposium stresses several current problems: the language of man- 

computer communication; the automation of diagnostic functions in 

maintenance operations; safety elements in marine navigation and air 
traffic control. 


THE ORIGINAL CONCEPT of man-machine 
coupling has been that it is an action 
link; by now, the swift pace of develop- 
ments in computer and communications 
technology has resulted in a broader 
concept: man-machine coupling has to 
be considered as an information link. 
The importance of this, concept was 
underscored in many of the papers pre- 
sented at the Second National Sym- 
posium on Human Factors in Electron- 
ics, held in Washington, D. C., May 
4 and 5, under the sponsorship of the 
cognizant IRE professional group. 

@ Some of the currently proposed 
steps toward man-computer symbiosis 
were analyzed by J. C. R. Licklider 
of Bolt, Beranek and Newman, Inc., 
and John McCarthy, Department of 
Electrical Engineering, M.1.T., particu- 
larly in respect to built-in teaching 
machines and languages for improved 
two-way communication. The need for 
a direct and simple language was em- 
phasized. If we agree that it is desir- 
able (even essential) that the computer 
acquire the ability to exercise “com- 
mon sense” in its operations, then the 
language of communication between 
man and the computer should be of 
similar character—straightforward and 
expressed in declarative sentences. 

It was felt that computer program- 
ming suffers from inadequate human- 
factors study. A substantial increase in 
computer efficiency could be realized 
if this inadequacy could be rectified. 
For example, given properly human- 
engineered programming, it should be 
possible to apportion the capacity of 
a single Jarge computer center with an 
economy comparable to that of a net- 
work of small narrow-bandwidth com- 
puters. 

@ The organization of composite 
visual displays in computers so as to 
facilitate judgment decisions is obvi- 
ously another important aspect of man- 
computer communication. A paper pre- 
sented by S. N. Alexander, Arthur 
Ernst and James Nigro, all of the Na- 
tional Bureau of Standards, dealt with 
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two computer display problems: (a) 
partitioning multi-dimensional com- 
plexes and (b) mixing graphical and 
textual information. The problems can 
be categorized as follows: 


1. those that are made according to vari- 
able data of criteria and conditions 

2. those which require the assimilation 
and evaluation of a substantial assortment 
of data, and 


? 


3. those where the amount of potentially 
pertinent information is such as to require 
controllable filtering before presentation. 


It was indicated that the appropriate 
partioning of graphical information is 
a promising aid to visual filtering and 
assimilation. Textual information, how- 
ever, requires mechanical aids for selec- 
tive filtering according to variable cri- 
teria of need. 

@ The relation of decision factors to 
maintenance problems was explored in 
several papers. Research in this field 
is still some distance away from mak- 
ing it possible to provide a systematic 
framework within which a technician’s 
behavior can be predicted. However, de- 
cision-making theory does provide a 
base from which a system designer can 
develop an approach to maintenance 
problems. As stated by James M. Me- 
Kendry, HRB-Singer, Inc., the design 
engineer has two main tasks to perform 
in order to improve fault-localization: 


1. He must take steps to insure that what 
has been a relatively unstructured problem- 
solving situation becomes a simplified de- 
cision-making situation. 

2. He must provide as much information 
as possible to the technician so that the re- 
sultant behavior can be made to approxi- 
mate more closely an optimum level of 
performance. 


@ The specific problem of develop- 
ing effective diagnostic procedures in 
order to establish efficient maintenance 
methods was discussed by Richard A. 
Johnson, Department of Electrical En- 
gineering, Syracuse University. It was 
pointed out that some type of diagnosis 
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is necessary to identify those system 
elements that have failed and require 
replacement or repair. The cost of such 
diagnosis may be a major portion of 
total maintenance cost. 

A general model for diagnosis was 
introduced in which the diagnosis is 
accomplished by logical inference from 
the results of a set of tests. Information 
theory provides a quantitative measure 
of the information gain from each pos- 
sible test. A figure of merit (the ratio 
of the information gain to the test cost) 
is used for making a choice between 
these tests. 

@ A chronological “overview” of the 
teaching-machine movement from 1920 
to 1960 by Leonard C. Silvern, Hughes 
Aircraft Company, suggested that 
although electronic systems are con- 
tinuing to grow more complex, the 
behavioral sciences will in the future 
hold the key to simplification through 
the use of teaching-machine technology. 

@ A model for determining air- 
traffic-control man-machine capabilities 
was proposed by G. E. Miller and R. 
O. Jackson, Litton Industries. The in- 
teractions between all man and machine 
elements in the ATC systems were de- 
scribed and defined in terms of psych- 
ological processes for each task ele- 
ment. The time required to perform 
each task is determined as a function 
of both the man and the machine. 

Repetitive and non-repetitive tasks 
were described in analytical expres- 
sions as a function of: (a) the time 
required to perform each task; (b) the 
number of times each task is performed 
for each air-traffic-control function; and 
(c) the time available to perform each 
task. These expressions are analyzed 
relative to the three basic air-traffic- 
control measures of effectiveness: (a) 
air-traffic flow-rate capacity; (b) simul- 
taneous air-traffic handling capacity; 
and (c) air-traffic safety. The man- 
machine capabilities are determined 
from the task analysis data for a given 
system operaton. 

@ It is not generally known outside 
maritime circles that shipboard radar 
has been a relatively unsatisfactory per- 
former. In a paper by Robert Mayne 
and H. R. McQuillen, Goodyear Air- 
craft Corp., an attempt was made to 
determine the reasons for this disap- 
pointing experience. Investigations have 
shown that radar equipment as such 
has functioned well, but that the prob- 
lem was that of failures in related 
human factors. A new computer now 
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under construction for the Maritime 
Administration is te be employed as a 
research tool to be used to determine 
(through actual tests) the best ultimate 


configuration of a marine collision- 
avoidance system in which human fac- 
tors will be properly considered. 

Generally, the sessions dealing with 
human factors in marine navigational 
and air-traffic-contro] systems dealt with 
subjects somewhat outside the scope of 
this report, such as studies in voice 
communication and evaluation of air- 
port approach-warning devices. 


Evropean Patent and Literature Abstracts 


Recently issued European patents in 
the fields of electronic components and 
materials, also associated techniques, 
are reviewed in the following abstracts. 
Also reviewed are papers on the same 
subjects published in the European 
technical and scientific journals. (These 
abstracts have been prepared by 
ELecTRO-TECHNOLOGY’s European cor- 
respondents. ) 


© Patents 


Procedure and Apparatus for the Produc- 
tion of Transparent Stable Conduction 
Films on Glass or Other Transparent Ma- 
terial.” Germany 1.090.830, Union des 
Verreries Mecaniques. (17/9/58-13/10/60) 

the specification deals with the details 
of controlling the conditions for produc- 
tion of conducting films on glass by spray- 
ing solutions of metal compounds (e.g., 
SnCl,, etc.) onto a hot substrate. 


“Improvements in or Relating to High- 
Voltage Resistors.” Great Britain 855.512, 
English Electric Valve Company. (17/5/56- 
7/12/60) 

Resistors with a large resistance to flash- 
over are constructed from resistive elements 
which are coated with polyethylene and 
mounted within a tubular ceramic casing. 


“Improvements in or Relating to Electric 
Capacitors.” Great Britain 849.332, A. 
H. Hunt (Capacitors) Ltd. (27/12/57- 
28/9/60) 

The specification deals with ceramic disk 
capacitors for use with printed circuits. The 
capacitors fit into slots in the circuit board, 
the depth to which they fit being fixed by 
projections from the dielectric which are an 
integral part of the dielectric. Electrical 
connections are made by soldering direct 
between the electrodes of the capacitor and 
the conductors of the circuit board. 


“Improvements in or Relating to Capaci- 
tors.” Great Britain 859.183, United King- 
dom Atomic Energy Authority. (18/11/58- 
18/1/61) 

The invention relates to the production 
of plastics dielectric high-working voltage, 
low-value capacitors. The electrodes are ap- 
plied to the dielectric material—e.g., by 
evaporation—and the assembly is embedded 
in a block of plastics material which con- 
veniently may be of the same composition 
as the dielectric. 


“Improvements in Electrical Components, 
such as Capacitors, Having Protective Sur- 
face Finishes.” Great Britain 858.483, Ful- 
ham Electrical Components Ltd. (23/4/58- 
11/1/61) 
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Polyurethanes, polystyrene, ethyl cellu- 
lose, cellulose nitrate and some polyamides 
can be used as insulating protective coat- 
ings that possess the advantage of shrivel- 
ling away cleanly on application of solder- 
ing heat. 


“Improvements in or Relating to Electric 
Capacitors.” Great Britain 858.973, London 
Electrical Manufacturing Company Ltd. 
(23/4/58-18/1/61) 

The invention provides a method for the 
continuous manufacture of capacitors con- 
sisting of alternate metal and dielectric 
layers, both materials being available as 
thin flexible sheets. 


“Dielectric Ceramic Composition and the 
Method of Production Thereof.” Great 
Britain 849.938, National Research Develop- 
ment Corporation. (30/10/57-28/9/60) 

Heat treatment and other special condi- 
tions for the preparation of barium titanate 
dielectric material with a dielectric con- 
stant of 105 or more are described. The 
essential detail is the conversion of the 
barium titanate from its normal tetragonal 
to the hexagonal form, which is best ef- 
fected at 1330 to 1550 C in a non-oxidizing 
atmosphere. Subsequent slow cooling per- 
mits partial reconversion to the ferroelec- 
tric tetragonal form. The ferroelectric ma- 
terial tends to occur at grain boundaries, 
and it is this which is responsible for the 
very high effective value of the dielectric 
constant. Silica and strontium inhibit the 
initial conversion to the hexagonal poly- 
morph. 


@ Literature Abstracts 


“Welding of Conducting Electrodes to Thin 
Metallic Films.” St. Dembicka-Jellonkowa, 
Journal of Scientific Instruments (3 refer- 
ences), Vol. 38, 62 (1961). 

Reliable point contacts to thin chromium 
films were produced by welding. This was 
accomplished by discharging a 0.1 yf ca- 
pacitor charged to 70-100 volts across the 
contact. The procedure worked for films of 
thickness between 80 and 1000 Angstroms. 


“Durable High-Resolution Ferrite Trans- 
ducer Heads Employing Bonding Glass 
Spacers.” S. Duinker (Philips Res. Labs.), 
Technical Review, Vol. 15, pp 342-367 
(1960). 

The magnetic and mechanical properties 
of a very dense, homogeneous and fine- 
grained ferrite are discussed with reference 
to its application as a material for making 
transducer heads for magnetic recording 
and reproducing. This material was spe- 
cially developed as a_ substitute for 
laminated metallic alloys. The technique 
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“Engineering Psychology and Human Fac- 
tors in Design,” p 107, May 1961. (A 
Science and Engineering Series report; 
see page 146 of this issue for details.) 


“Man-Computer Symbiosis—A Problem in 
Cooperative Interaction,” J. C. R. Lickli- 
der, p 10, July 1960 (a “Research Hori- 
zons” Research Note). 


of producing transducer heads by prepar- 
ing ultra-thin (less than 1 micron up- 
wards), well-bonded and stress-free glass 
layers between polished ferrite surfaces is 
described. This design is claimed to provide 
excellent qualities with regard to wear-re- 
sistance and other factors. Various designs 
of single and multi-track transducers are 
described. 


“The Temperature Dependence of Dielec- 
tric Constants.” E. E. Havinga (N. V. 
Philips’ Gloeilampenfabrieken, Holland), 
Phys. Chem. Solids, February 1961, pp 
253-255. 

Three factors have been shown to in- 
fluence the dependence on temperature of 
the dielectric constant for isotropic and 
cubic materials. These are a direct-volume 
expansion effect, and the effect of volume 
expansion and temperature on_ polariza- 
bility. Figures demonstrating these effects 
for BaTiO, and some alkali fluorides are 
tabulated and discussed. 


“Self-Resonance of Ceramic Miniature Ca- 
pacitors.” K. H. Olbricht, Bull. Schweiz. 
Elektrotech., Ver. Vol. 51, No 4, pp 142- 
147. 

Methods of measuring the self-resonant 
frequency are discussed, and the character- 
istics of various types of miniature ceramic 
capacitors over the frequency range 10-1000 
mc/s are investigated. 


“A New Type of Piezoelectric Flexural 
Vibrator in the Form of Balanced Canti- 
levers.” S. Ayers (Post Office Engineering 
Department), Proc. Inst. Electrical En- 
gineers, Part C, March 1961, pp 35-49. 

The flexural element, designed to vibrate 
at about 1 ke, consists basically of identi- 
cal cantilever arms extending from a com- 
mon area to form a symmetrical element. 
Two different shapes were investigated, the 
“H” and the zigzag designs. Measurements 
have been carried out on both shapes made 
from quartz slices and on zigzag form from 
ethylene-diamine-tartrate. Frequency, tem- 
perature behavior, Q-factor and displace- 
ment patterns of the elements are com- 
pared with the theory. 


“Forsterite Ceramic with the Thermal Ex- 
pansion Characteristics of Titanium.” E. 
Singer and others, Ber. Deutch. Keram., 
Vol. 37, pp 3-6. 

A body with a high thermal expansion 
and suitable for soldering to titanium metal 
comprises a mixture of pre-calcined 2MgO, 
SiOg and 10 per cent AlgOg or 15 per cent 
clay (AlgOg content 32 per cent) fired at 
1350 to 1380 C. The resultant dielectric 
has high mechanical strength and electrical 
resistivity. 
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A NEW AND distinctly different family of 
dielectric materials has been developed at 
Armour Research Foundation through the 
combination of various refractory materials 
and fluorocarbon resins. In researching 
these combinations of fluorocarbon-powder 
formulations and dielectric powders, it 
was conceived that other powder materials 
possessing good electrical conductance and 
high dielectric constant could be utilized 
to produce a wide variety of properties 
with correspondingly wide applications. 

Through this research, a leathery mate- 
rial showing a pseudofibrous structure was 
achieved that had either high electric 
strength or good electrical conductance 
properties, depending upon composition. 
This peculiar structure should have many 
interesting applications, including electri- 
cal insulators, flexible conductors, wrap- 
around wiring elements and capacitor 
dielectrics, all with improved elevated-tem- 
perature properties. 

It has been suggested that extruding or 
rolling these compositions into a ribbon 
could be the basis for a new technique 
that might be an intermediate step toward 
forming true ceramic fibers. Thus the resin 
could be a temporary binder that would 
hold the ceramic particles, needles, or 
platelets in a fibrous or sheet-like orienta- 
tion until they could be firmly bonded or 
otherwise reacted into true synthetic fibers 
or plates, For example, this technique 
might lend itself to a new approach to 
asbestos synthesis. 

Materials which have already been used 
to make these fibrous ceramics fall into 
the categories of resins, modifiers and in- 
organic solids. They are listed in Table I. 


Electrical Characteristics 


Two different experimental combinations 
of materials have been prepared and sub- 
jected to an initial evaluation of electrical 
properties. One is a magnesium oxide/ 
Teflon (TFE-fluorocarbon) and the other 
a barium titanate/Teflon material. Prop- 
erty values may be compared with the ap- 
propriate values for the base components. 
Teflon has a dielectric constant of 2.0, a 
dissipation factor of 0.0001, and a resistiv- 
ity of approximately 1015 ohm-cm. Mag- 
nesium oxide powder (depending on the 
density of the sample) has a dielectric 
constant of 4-6, a dissipation factor of 
0.006, and a resistivity in excess of 1012 
ohm-cm. Examination of the properties of 
this combination, after curing at elevated 
temperature, showed that the combination 
retained the low dissipation factor and 
dielectric constant of the resin without 
assuming the hygroscopic nature of the 
magnesium oxide. In addition, comparable 
values for electric strength were main- 
tained. 

Table II represents results of an initial 
experiment designed to indicate the prob- 
ability of achieving materials of higher 
dielectric constant while maintaining rea- 
sonable values of dissipation factor. This 
particular composite is of barium titanate 
and Teflon in sheet form. The properties 
exhibited upon curing showed a dielectric 
constant greater than four times that of 
Teflon, but still stable with frequency. It 
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Flexible Ceramic Dielectrics 


showed a dissipation factor that is an 
order of magnitude lower than that of 
barium titanate and also relatively stable 
with frequency. No attempt was made to 
polarize the titanate or examine Curie- 
temperature effects, so it is entirely pos- 
sible that much greater increases in di- 
electric constant are feasible. 


Capacitor Applications 


Many areas of ultimate application for 
this family of materials are apparent. One 
very important area would be that of 
capacitor dielectrics with improved ele- 
vated-temperature properties. 

In areas of capacitor design, one appli- 
cation of a material of this nature could 
be as the dielectric in power-factor cor- 
rection capacitors. It should be possible 
to effect substantial reductions in volume 
requirements because of the increased di- 
electric constants attainable. Further, be- 
cause the electric strength of the composite 
material remains high, the voltage ratings 
of capacitors made from these materials 
should not require reduction from present 
levels. In some instances, it should be 
possible to achieve even higher voltage 
ratings, depending upon particular re- 
quirements. 

A second area of application would be 
“electronic” tubular capacitors. While this 
family of fibrous ceramic materials should 
be applicable here in a number of in- 
stances, perhaps the most striking example 
would be that of producing a capacitor 
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capable of operating continuously at ele- 
vated temperatures with loss factors not 
substantially higher than some current 
materials used in capacitors operating at 
conventional temperatures. 


Electrical Conductors 


Fibrous ceramic materials should find 
applications in the areas of conductance 
and resistance. Teflon loaded with graphite 
provides a resistance material which has 
a function dependent on the per cent com- 
position and geometry of the finished ma- 
terial. Experiments in this area show that 
a relatively broad resistivity range is 
available by changes in percentage of 
graphite present in the composite material. 
Other ceramics are available which may 
also provide suitable loading materials for 
resistor applications. 

An untried composite structure which 
may be appropriate as a fibrous ceramic 
conductor is a powdered metal filler in a 
Teflon base. Since the metal has high con- 
ductivity, the percentage composition will 
greatly affect the conductivity of the ma- 
terial. For small percentages of metal filler, 
the conductivity will be low and, in fact, 
the unit will act as a resistor. At higher 
percentages a flexible conducting material 
could be realized. 

R. M. JANOWIAK 

Armour Research Foundation 
ILLiNoIs INSTITUTE OF TECHNOLOGY 
Chicago, Illinois 


Table I—Constituent Materials in Fibrous Ceramics 


Resins 


Modifiers 


Inorganic solid powders 








Powdered polytetrafluoro- 
ethylene 

Polytetrafluoroethylene 
suspension 


liquor 


Phthalate ester 
Mono-aluminum phosphate 


Colloidal silica dispersion 


Boron nitride 

Aluminum oxide 
Magnesium oxide 

Zircon 

Natural mica 

Synthetic mica 

Graphite powder and flake 
Wollastonite 

Barium titanate 


Table Il—Electrical Properties of BaTi0;/Tefion (Fibrous-Ceramic) Sheet 


Dissipation factor (tan 5) 


Fre- 
quency, @ 


| | 
| @ @ | 
| 100C | 300C 
0.33 

0.23 
0.20 
0.096 
0.045 


0.26 
0.14 
0.066 
0.027 
0.022 | 


Resistivity, ohm-cm (at 500 volts d-c) 


@25C @ 100 C | 


1.9 X 10° 3.8 X 10° 


| @25C 
(after 

244hrat| @ @ @ 
300 C) 
0.0017 72 
0.0015 28 
0.0019 15 


0.0019 10.8 
0.0018 10.3 
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Dielectric constant 
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| | @25C 
(after 

24 hr at 


300 C) 
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''! ILLUMINATED PUSHBUTTONS Newest addition to 
this versatile oiltight line. Dozens of types, many colors. 
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Cutler-Hammer Inc., Milwaukee, Wisconsin e Division: Airborne Instruments Laboratory e Subsidiary: Cutler- 
Hammer international, C. A. e Associates: Canadian Cutler-Hammer, Ltd.; Cutier-Hammer Mexicana, S. A, 
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MOST RELIABLE LIMIT SWITCH EVER This oiltight 
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New from Cutler-Hammer 


New products, new ideas to help your business now 


The air is charged with new ideas at Cutler- 
Hammer... ideas and products resulting. from 
our new production facilities, new engineering 
talent, new research programs, and most important 
of all—a new desire to serve you better in the sixties. 
Evidence of this vitality and what it can mean 
to you are these eight typical new products. 


Aa\.. SIZE 5 STARTER Available as starter or contactor. 
sate) 


" 


small... Open dimensions only 13” x 15%6” x 72". 





You can expect more news from Cutler-Hammer 
around the calendar. Give your Cutler-Hammer 
sales office or distributor a call. They’re all charged 
up too—anxious to tell you more about what’s 
new at Cuiler-Hammer. For descriptive literature 
on any of these products, write Cutler-Hammer 
or call your nearest Cutler-Hammer distributor. 





MOST VERSATILE FOOT SWITCH YET Choice of 4 


operating variations by changing nylon cam position. 


Ww 





For steel or slate 
panels, front or back wiring. Six sizes 25 to 600 amperes. 


FOIL-DICE BONDER — Equipped with new 
automatic foil feed and indexing heat 
columns, machine positions and bonds 
both foil and dice on semiconductor 
headers. K&S Model 604 (not shown) 
available without foil feed. 


K&S MODEL GO4FF 


for precision bonding 
of foil and dice 


Inherent design of this precision 
equipment cuts time and cost, gives 
high output in positioning and 
bonding of foil and microcompo- 
nents to semiconductor headers. 


@ Carries foil of specified width 
and thickness; automatically feeds 
and cuts foil to exact pre-deter- 
mined length 


@ In sequence, (1) picks up foil, 
(2) positions it on header, (3) 
picks up component, (4) positions 
it on foil, (5) bonds 

@ Positioning on header, heat and 
force of bonding hammer pre-set 
with positive controls 

@ Geneva movement rotary table, 
equipped with 2 heat columns and 
2 component trays, operates on 
planned cycle of 10 to 20 seconds 
@ Entire operation under constant 
visual control (B&L Stereo-Zoom 
microscope optional) and pro- 
tected by cover of forming gas 


For additional information about 
K&S equipment — including 
probes, scribers, dice mounters, 
wire bonders, micropositioners and 
microcircuit machines — 

write or call... 


KULICKE 
and SO FFA 


MANUFACTURING CO. INC. 


SA 


401 NORTH BROAD ST. 
PHILADELPHIA 8, PA. 
WaAInut 55-4270 
Direct Distance Dial Code; 215 


of Equipment 
for the Semiconductor 


and Microcircuit Industries 
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Future Way to Run Scientific 
Conferences? 


The pattern of conferences has changed 
little in the past decade. A paper is 
read, a certain time is allowed for dis- 
cussion, then the next paper is read. 
As more and more subjects are intro- 
duced, more and more papers are read, 
and we have cases where literally hun- 
dreds of papers may be read in separate 
sessions simultaneously. 


A new system was tried out at the 
British Institution of Electrical Engi- 
neers’ five-day International Conference 
on “Components and Materials Used in 
Electronic Engineering.” The scope of 
the subjects in such a conference is 
very wide indeed (covering resistors; 
dielectrics; capacitors; inductors; 
piezoelectric, ferroelectric and magneto- 
strictive materials; electromagnetic de- 
vices; and microwave ferrites), and it 
was desired also to include printed and 
potted-circuit techniques, automatie as- 
sembly, methods of connection, reliabil- 
ity and microminiaturization. This wide 
field, if covered by the normal tech- 
nique, would mean that a severe restric- 
tion would have to be placed on dis- 
cussion. 


There is a strong feeling in the 
United Kingdom that discussion is the 
“meat” of any convention, and a system 
of “rapporteurs” was arranged, through 
which—apart from an introductory re- 
view paper by an acknowledged author- 
ity on the subject—all the remaining 
papers were reviewed in approximately 
half an hour by, again, an acknowl- 
edged authority on the subject. In the 
case of fixed resistors, for instance, nine 
papers, which would have taken (at 20 
min each) three hours to read, were 
reviewed by a rapporteur in approxi- 
mately half an hour. The whole of the 
remaining time was spent on discussion, 
and it is interesting to note that discus- 
sions went on for 1144, 2 and 2% hours 
without ceasing. All the authors of the 
papers were present in order to answer 
specific questions raised on their indi- 
vidual papers. 


This system of using rapporteurs over 
a long five-day conference gave all 
present an opportunity to contribute, 
and it may well be that with the in- 
creasing size of conferences, this may 
set a pattern for the future. 


G. W. A. DUMMER 
Royat Rapar EsTaBLisHMENT 
Great Malvern, England 
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JIC Electrical Standards 


With reference to JIC Electrical 
Standards for Industrial Machinery, 
I should like to make these two pro- 
posals: 

1. Overload contacts of motor start- 
ers, other than forward and _ reverse 
starters, should be connected on the 
hot side of the coil when the system 
uses a 110-volt grounded system. 

2. Cabinets to be partitioned with 
overlapping doors for shooting trouble. 
Using the interlocking-door disconnect 
switch forces the electrician to operate 
the mechanism with a pair of pliers, 
then shoot trouble with all the doors 
open. Very hazardous. 

J. F. KRUZIC 

Electrical Engineer 
Hawthorne Works 

Western Evectric Co., Inc. 


Editor's Note: There are no present plans 
for revising the 1957 Edition of JIC Elec- 
trical Standards. Some machinery builders 
may want to adopt these suggestions for 
their own use. 


Government Patent Policy 


I was very much interested in your 
fine editorial on “Equity in Govern- 
ment-Contract Patent Policy” which 
appeared in ELectro-TECHNOLOGY for 
June 1961. 

I would have only one comment to 
make and this refers to your belief 
that it would be rash to do more than 
call attention to changes in basic policy. 
I do not necessarily disagree with your 
opinion but, as a patent attorney very 
much interested in this matter, I think 
that your readers might possibly get the 
impression that this matter is best left to 
the patent attorneys, Government 
agencies and Congressmen. 

I have talked with a number of 
members of Congress on this subject 
and with various staff members of 
Sen. McClellan’s Patent, Trademark 
and Copyright Subcommittee of the 
Senate’s Judiciary Committee. These 
discussions, plus the obvious fact that 
patent attorneys and industry in gen- 
eral are biased in favor of the patent 
system, indicate that there is consider- 
able discounting of the efforts of the 
patent profession. 

Therefore, unless the inventors 
themselves and small business people 
think through the principles involved 
and make their feelings known, there 
is more than a mere possibility that 

(Continued on page 19) 
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REYNOLDS METALS COMPANY 
KEEPS ALUMINUM PRODUCTION ROLLING 


Reduction operations at the Corpus 
Christi Plant of Reynolds Metals Com- 
pany produce a steady flow of basic 
aluminum on a round-the-clock schedule. 
Every component in the power plant must 
provide exacting performance and rugged 
reliability to meet production schedules. 
National” Brushes—used in the power 
generating section—are small but vital 


components that contribute to uninter- 
rupted d.c. power supply for the aluminum 


pot lines. For many years these brushes 
have provided good commutation and life 
with minimum commutator maintenance. 
To National Carbon Company, im- 
proved electrical operations mean a pos- 
itive carbon brush service program. For. 
details, call your “National” Brush Man or 
write National Carbon Company, Division 
of Union Carbide Corporation, 270 Park 
Avenue, New York 17, N. Y. In Canada: 
Union Carbide Canada Limited, Toronto. 


‘‘National’’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


UNION 


CARBIDE Contact your 


‘*National’’ Brush Man 
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ECTRIC SHOVELS 


MOVE TREMENDOUS TONNAGES 
BRUSHES 
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Huge electric shovels take one tremen- 
dous bite after another at the eastern Ohio 
mines of the Hanna Coal Company, a di- 
vision of Consolidation Coal Company. 
The swinging peak loads are extremely 
demanding on the shovels’ electrical sys- 
tem—there is no room here for short cuts 
on quality. 

“National” Brushes—small but vital com- 
ponents on such equipment-—offer proved 
commutation and life under these swing- 
ing peak load conditions. A real contribu- 


tion to sustained production with minimum 
maintenance. 

National Carbon Company offers a pos- 
itive service program to assist in solving 
any brush problems encountered today in 
all types of mining operations. To realize 
this assistance, just call your “National” 
Brush Man or write National Carbon 
Company, Division of Union Carbide 
Corporation, 270 Park Avenue, New York 
17, New York. In Canada: Union Carbide 
Canada Limited, Toronto. 


‘‘National’’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


Contact your 
‘*National’’ Brush Man 


NATIONAL CARBON COMPANY 





we will wind up with a government 
patent policy which will seriously affect 
all levels of business and even the in- 
dependent inventor. From my point of 
view, the effect of any substantial de- 
parture from the former DOD policy 
will be adverse to these interests. 

T. L. BOWES 

General Patent Counsel 


WESTINGHOUSE ELectric Corp. 
Pittsburgh, Pa. 


Errata — 
Semiconductor Electronics 


Mr. Samuel Davis, of the Clevite Corp., 
has pointed out some typographical 
errors in Table V of Part 4 (“Transistor 
Network Analysis”) of the Semicon- 
ductor Electronics Series on p 111 of 
our January issue (p 25 of the com- 
bined reprint). The bottom line should 
be labeled R, and the conversion from 
“common base” should read 


he ~ hy (1 + Ayr) 

hop 

In the next-to-last line, the conversion 
from “common emitter” should be 


h re (1 + hye) 
Noe 


hie ih 


and from “common collector” should be 


he te ee ot 


tc 
oc 


THIS MONTH’S COVER 


Electro-Technology 


The Oceign Mantame of Sconce & Engecenny «6 the Elnctvew Electron: Frets 


The characteristic graphic symbol for the 
axial vector is used by cover artist Jan 
Van Eerde as the motif for this month’s 
Science & Engineering article, “Tensor 
Analysis.” Tensor representation facili- 
tates coordinate-system transformations of 
all forms, including “reflection” and “in- 
version,” which are explained in the arti- 
cle. These are both changes from right- to 
left-handed coordinate systems, in which 
the behavior of true and axial vectors 
(“pseudovectors”) is quite different. The 
article begins on page 85. 
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Radio Frequency Interference 
»..and What to Do About It 
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ICFS personnel brave the elements as they run 
a series of tests for one of their customers. 


PLANE, flying on autopilot, 
mysteriously veers off course 
and causes a tragic mid-air collision. 
Premature second-stage firing spoils 
a multi-million-dollar missile launch- 
ing. A switch transient on the power 
line to a computer fouls up the digi- 
tal pulse and suddenly two and two 
equal five! These are typical mani- 
festations of radio frequency inter- 
ference—major problem of elec- 
tronic designers and engineers! 


Until recently, controlling inter- 
ference was a cut-and-try, retrofit 
operation — time-consuming, often 
unsatisfactory, almost always highly 
expensive. But now modification of 
existing equipments has given place 
to relatively precise prediction and 
pre-control of interference in the 
design phase! 


Sprague’s unique Interference Con- 
trol Field Service is the leading 
exponent of this far more efficient, 
economical technique. Active in the 
field of interference since World War 
II, Sprague takes a bilateral ap- 
proach to interference control prob- 
lems. In 3 Sprague laboratories, 
strategically located in various parts 
of the country, interference measure- 
ment and prototype facilities are in 
constant use by customers who bring 
theirequipment for evaluation, modi- 
fication and qualification. And in 
addition, Sprague puts competent 
Interference Control Specialists at 


the service of companies whose 
products must meet stringent inter- 
ference specifications, but who can- 
not be sure that they will. 


Interference prediction techniques 
developed over a period of years are 
successfully applied by Sprague 
specialists. Studying electrical sche- 
matics and mechanical layouts at 
customers’ plants, Sprague engineers 
design into these pre-prototype plans 
the suppression and shielding which 
assure compliance with interference 
specifications. This activity usually 
costs far less than conventional mod- 
ification of existing equipments. 


Current assignments of Sprague 
Interference Control Specialists in- 
clude a leading aircraft company, a 
nationally known manufacturer of 
radio telescope control mechanisms, 
the producer of an important missile 
component, and a huge corporation 
engaged in developing data link and 
telemetry systems for the Dyna-Soar 
program. 


Whether your interference prob- 
lem involves military or commercial 
electronic equipments, Sprague’s In- 
terference Control Field Service can 
speed and simplify solution. Pre- 
liminary discussion involves no 
obligation. For full information, 
contact the Sprague Interference 
Control Field Service Department, 
Sprague Electric Company, 307 
Marshall St., North Adams, Mass. 
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oreater derating margin 
for higher reliability... at lower cost. 
than lower rated type 


Westinghouse 2N1015 and 2N1016 transistore— 


Circuits which use power transistors can be upgraded in 
reliability by changing to the Westinghouse 2N1015- 
2N1016 series. The low saturation resistance and high 
dissipation rating (150 watts) of these transistors mean 
cooler operation—more safety factor in service. In fact, 
the 2N1015-2N1016 series offers twice the derating 
margin you can get in competitive types. Their high 
voltage ratings—up to 200 volts V;~—also mean an end 
to series connections of lower rated types. Yet all this is 
yours at less cost than you are now paying. 

Inaddition tothese many circuitadvantages, the2N1015- 
2N1016 transistors give you the reliability assurance of 
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True Voltage Ratings verified by 100% Power Testing 
under full operating conditions. You also get the advan- 
tages of reduced inventory, and the convenience of 
single-source purchasing. Next time you buy transistors 
in the 2N1015-2N1016 family make sure they’re 100% 
power tested. You can be sure .. . if it’s Westinghouse. 
For complete information, write or call: Westinghouse 
Electric Corp., Semiconductor Dept., Youngwood, Penna. 


$C -1042 


Westinghouse 
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For “off the shelf” delivery, order from these Westinghouse Distributors : 


EASTERN 


ACK SEMICONDUCTOR, INC. 
Birmingham 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 
CRAMER ELECTRONICS, INC. Boston, Mass./CO 7-4700 
ELECTRONIC WHOLESALERS, INC 
Melbourne, Florida/PA 3-1441 
GENERAL RADIO SUPPLY CO., INC. 
Camden, N.J./WO 4-8560 
GENESEE RADIO PTS. CO. Buffalo, N.Y./TR 3-9661 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS New York, N.Y./RE 2-4400 
RADIO & ELECTRONIC PTS. CORP. 
Cleveland, 0./UT 1-6060 
SCHWEBER ELECTRONICS _Long Island, N.Y./P! 6-6520 
Silver Spring, Md./JU 5-7023 


MIDWESTERN 


E.C.1, SEMICONDUCTORS, INC. 
Kaxsas City, Mo./WE 1-0829 


ELECTRONIC COMPONENTS FOR INDUSTRY CO 
St. Louis, Mo. /WO 2-9916 
HALLMARK INSTRUMENTS CORP 
Dallas, Texas/RI 7-8933 
INTER-STATE RADIO & SUPPLY CO. 
Denver 4, Colo./TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
MIDLAND SPECIALTY CO El Paso, Texas/KE 3-9555 
Phoenix, Ariz./AL 8-8254 
Albuquerque, N.M./CH 7-0236 
RADIO DISTRIB. CO. Indianapolis, Ind./ME 7-5571 
SEMICONDUCTOR SPECIALISTS, INC. 
Chicago, 111./NA 2-8860 
S. STERLING CO. Detroit, Mich./BR 3-2900 
UNITED RADIO, INC. Cincinnati, 0./MA 1-6530 
WESTERN 


ALMAC ELECTRONICS CORP. 
ELMAR ELECTRONICS 
HAMILTON ELECTRO SLS. 


NEWARK ELECTRONICS CO. 


Seattle, Wash./PA 3-7310 
Oakland, Cal./TE 4-3311 
Los Angeles, Cal./BR 2-9154 
Palo Alto, Cal./DA 1-7541 
Inglewood, Cal./OR 4-8440 





SILICONE NEWS trom Dow Corning 


For Greater Reliability 


Potential for Insulation Systems Made 
From Silastic Goes Up and Up! 


insulation systems made from Silastic®, the Dow Corning silicone rubber, 
are being used on more and more machines, on machines designed for 
higher and higher voltages. 


Take the 4,500-kw, 4,160-volt engine-type generator shown above, for 
example. Built by Allis-Chalmers, this generator features an insulation 
system made from Silastic. 


A midwest steel mill specified silicone rubber insulation for the 11,000-volt, 
3,000-hp, Allis-Chalmers Type AKG sintering-fan drive-motor shown in 
the inset because of outstanding performance from similar motors designed 
for voltages ranging from 240 to 6,600. 


eo eg REA SP A I AA cay 


Your nearest Dow Corning office is the 
number one source for information and 
technical service on silicones. 


Combining high temperature resistance 
with self-protecting qualities, insulation 
systems made from Silastic are winning in- 
creased acceptance for equipment subjected 
to moisture, heat and thermal cycling. 


Silastic retains excellent electrical and 
physical properties from —90 to 250C, 
resists arcing, ozone, corona. Vulcanized in 
place on coils, it forms a homogenous in- 
sulation jacket that is impervious to mois- 
ture and other contaminants. Resilient, it 
is unaffected by thermal cycling .. . hair- 
line cracks do not develop. 


For the best in silicone rubber insulation, 
specify Silastic. 


Circle 117 on Inquiry “ard 


Dow Corning 


ELECTRO-TECHNOLOGY 





...Design with Silicones 
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Silence Solenoids with Silicones 


The entire operating mechanism of their new Silent Knight 
Gas Valve, manufactured by White-Rodgers Company, St. 
Louis, is immersed in Dow Corning 200 Fluid. Enclosed in 
an unbreakable metal case, the viscous fluid slows the 
mechanism, cushions the components and makes them 
silent. Eliminated are the characteristic “snap” of the 
relay, the “hammering” of the plunger, some of the un- 
desirable “pop” of gas ignition. Silicone fluid is the ideal 
damping medium because it doesn’t thicken or thin with 
temperature changes, has excellent dielectric properties. 
Noncorrosive, resistant to oxidation and to breakdown 
under shear, Dow Corning silicone fluid assures long- 
time, reliable service. 
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Cut Weight with Silicone Laminates 


Insulation components made from silicone-glas: laminates 
help improve the design and performance of electrical 
equipment like this 100-kva, 3-phase Pennsylvania Trans- 
former. Bonded with heat-stable Dow Corning silicone 
resins, glass laminates have high arc resistance, low loss 
factor, low moisture absorption . . . excellent mechanical 
and dielectric strength even after prolonged aging at 250 C. 
Used with other silicone insulation components, silicone- 
glass laminates permit transformer designs that are lighter 
in weight, smaller in size, easier to install and maintain 
than transformers using any other class of insulation. 
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For Teamwork Specify Silicones 


This magnetic clutch, produced by Vickers Incorporated, 
Electrical Products Division, Sperry Rand Corporation, 
assures smooth acceleration of rotating equipment without 
chatter or grab. Since the Magneclutch can slip continu- 
ously, heat is produced. One critical component requiring 
silicone protection is the excitation coil which produces 
the torque-producing magnetic field. Insulated with sili- 
cone components, and dipped in Dow Corning 997 Var- 
nish, it permits operating temperatures of 180 C and better. 
Other Dow Corning silicone materials in the Magneclutch: 
mechanical gaskets, lead wire insulation, bearing lubricants. 
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SILASTIC INSULATED 
“LEAD. WIRE 


SILICONE 
INSULATED COIL 


SILASTIC GASKET 


SILICONE 
GREASE 


CORPORATION MIDLAND, MICHIGAN 


branches: 


ATLANTA 


AUGUST 1961 


BOSTON 


CHICAGO CLEVELAND OALLAS LOS ANGELES NEWYORK WASHINGTON.O.C 





DELCO POWER TRANSISTORS PROVED IN COMPUTERS 
by IBM, UNIVAC; BURROUGHS, NATIONAL CASH REGISTER 


Since Delco Radio produced its first power transistors over five years ago, no transistors have undergone a more 
intensive testing program to assure reliability—which accounts for their popular acceptance in hundreds of industrial 
and military uses. Before leaving our laboratories, Delco transistors must pass numerous electrical and environ- 
mental tests both before and after aging. This double testing, combined with five years of manufacturing refine- 
ments, enables us to mass produce any type of power transistors with consistent uniformity. And we can supply 
them to you quickly in any quantity at a low price. For complete information or technical assistance on our versatile 


application-proved family of transistors, just write or call our nearest sales office or distributor. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan DEN DABILITY Division of 
324 Chestnut Street 726 Santa Monica Bivd. 5750 West 5ist Street 57 Harper Avenue General Motors 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 * Kokomo, Indiana 
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Belden 
Power Supply 


lead to the 


» « » THERE’S ONE JUST RIGHT FOR YOURS! 


For power tools, machine tools, industrial 
equipment, electric motors, large appli- 
ances, business machines, and other prod- 
ucts having heavy-duty power supply 
requirements, Belden offers a complete 
line of 2 and 3-conductor cords and cord- 
age. Belden power suppl y cords are manu- 
factured to the highest quality standards 
and bear the UL Flag Label with the SECC 
emblem—your guarantee of safe product 
operation. 


fan one wire source for everything 


orl electrical and electronic 


Belden Grip Prong* Plugs stay in the 
outle-—provide dependable service on all 
equipment. 


Grip Prongs expand 
and grip sides of slot. 


Positive electri- 
cal contact even 
in worn outlets. 


No strain. Prevents 
damage to electri- 
cal contacts. 


* Belden Grip Prongs—U. S. Patents: 2,439,767; 2,671,205. 
Canadian Patents: 438,585; 506,946 


Magnet Wire ¢ Lead Wire « Power 
Supply Cords ¢ Portable Cordage « 
Electronic Wire ¢ Control Cables 


Yai 


WIREMAKER FOR INDUSTRY 
SINCE 1902 
CHICAGO 





How the Westinghouse De-ion’ Arc Chute 


ARC FORMED on interrupting CONFINED within grid plates of quencher 
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extinguishes breaker arcs in '2-cycle or less! 


DIVIDED into small, harmless segments 


AUGUST 1961 


AB De-ion Breaker. 
Arc chute is circled. 


EXTINGUISHED by the mass of grid plates 


Every time you break an electric circuit, an arc is 
formed. This arc must be controlled quickly and 
safely to protect the system. The finest and safest de- 
vice to control arcs is the DE-ION® arc quencher in 
all Westinghouse AB circuit breakers. 

The design of the chamber confines the arc and 
quenches it by dividing it into small harmless seg- 
ments which are cooled and extinguished by the mass 
of surrounding material. The action within the arc 
chute is quick and positive. 

See the quenching action in full color in Westing- 
house’s “‘Arc in Action’’ high speed photography flip 
book. It’s free . . . ask your Westinghouse representa- 
tive for a copy of SA-8900 or write: Westinghouse 
Electric Corporation, Standard Control Division, 
Beaver, Pa. You can be sure... . if it’s Westinghouse. 


J-30327 


Westinghouse 


Circle 123 on Inquiry Card 





New IBM computer language...AUTOPROMT cuts 
milling time for this helicopter gearbox cover by 75% 


AUTOPROMT (AUTOmatic PROgramming for Machine Tools) milled, rather than calculating every path the tool must 
is a powerful new computer language designed to broaden follow in order to machine the part. 


the use of numerically-controlled machin ols. 
se 0 me } m e tools AUTOPROMT leaves to the computer the task of automat- 


AUTOPROMT, for the first time, lets an engineer describe ically generating these tool paths. You describe the part 
the surfaces of the three-dimensional shape he wants to be milled and the tool to be used in simple, English-like 








Here’s the way 
AUTOPROMT works at 
United Aircraft 
Corporation 


The Parts Programmer, using a 
conventional blueprint, pre- 
pares 180 one-line statements 
in AUTOPROMT language. 


The statements are punched 
into standard IBM cards and 
entered into the IBM 7090 Data 
Processing System. (AUTO- 
PROMT also works with the 
704 and 709 Systems). 


ieee] 
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The 7090, programmed with 
AUTOPROMT, produces 8000 
tool path instructions needed 
to direct the Pratt and Whitney 
Co. Inc. Numeric-Keller Con- 
tinuous Path Milling Machine. 


. 


a 


Punched tapes direct the Nu- 

. . meric-Keller Milling Machine. 
terms. The computer does the laborious calculating work. 
AUTOPROMT produces results like these: the time to mill 7 
the gearbox shown in the photographs cut to one-fourth the a 
machine time required by conventional methods. AUTO- 
PROMT reduced the lead time from blueprint to production 
from three months to two weeks. 


AUTOPROMT is available to IBM customers. Call your local 

IBM Representative for complete details on this latest ® 

advance in Numerical Control of machine tools. DATA PROCESSING The Numerie-Keller ailie the 
helicopter gearbox cover. 
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CORNING CYFM CAPACITOR 
has reliability youcan see | 


You get total protection against environment for less money than ever before 


The new Corning CYFM capacitor gives you reliability at a 
markedly lower cost than that of any like capacitor. 

The CYFM goes far beyond MIL-C-11272B specs. It has 
proved its performance through more than 3,000,000 hours of 
testing. It took a 50-day MIL moisture test and a 96-hour salt 
spray test with no measurable effects. We stopped testing only 
when it became evident that no more significant data could be 
developed. The CYFM went through other tests, with solvents, 
fluxes, boiling salt, and steam, to make sure it is the most com- 
pletely sealed capacitor you can buy. 

You'll see why the CYFM can take such torture when you 
check its design. We stack alternate layers of stable ribbon glass 
and aluminum foil. Then we weld the foils to the bead-terminal 
assembly, which has a glass bead sealed to the Dumet wire lead. 
With heat and pressure, the entire capacitive element is frozen in 
glass for complete protection against environment and for struc- 


tured protection against physical shock. 

True glass-to-metal seals at the weld area and along the leads 
bar moisture. The seal of the leads to the glass shifts stresses from 
the leads to the entire monolithic unit, guarding the capacitance 
area. Of course, you get electrical performance to match this 
environmental stability, since the CYFM has our glass-foil ca- 
pacitor construction. 

The CYFM is machine made... each capacitor is the same as 
every other, to give you uniformity which hand production 
cannot match. 

You can get immediate delivery on the CYFM in four types. 
The CYFM-10 gives capacitance values from 0.5 to 300 pf; the 
CYFM-15, from 220 to 1200 pf; the CYFM-20, from 560 to 
5100 pf, and the CYFM-30, from 3600 to 10000 pf. 

For the rest of the story on this capacitor, send for our data 
sheet. Write to Corning Glass Works, 556 High St., Bradford, Pa. 


This is the CYFM capacitor. 6 times actual size. The dark areas between the ends of the glass and the capacitance element are your visual proof of the complete glass-to-metal seal. 


CORNING ELECTRONIC COMPONENTS 


CORNING GLASS WORKS, BRADFORD, PA. 
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purpose film wire success! 


Ihermaleze 


C 


Has replaced as many as 
six standard wires in 
aC Mustela lil 
applications! 


Dry-type 
Meio ules 


Best balance of overall proper- High dielectric for thermal protec- Cost reduction benefits through stand- 
ties without sacrifice of any one tion at operating temperatures ardizing inventory to one wire for most 
property! (Class F 155C)! applications! 


Any time your problem is magnet wire, consult Phelps Dodge for the quickest, surest answer! 


PHELPS DODGE COPPER PRODUCTS 


CORPORATION 


INCA MANUFACTURING DIVISION 


Poly-Thermaleze®—Patent appited for, a FORT WAYNE, INDIANA 
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Panel space saved when General Electric start- 
ers are used (layout uses full-scale templates). 


The Size of This Panel Shrunk 12%, Construction Costs Dropped 
When General Electric Starters Were Used 


The panel above was first laid out with another make magnetic starter. Then, General Electric starters were substituted, and 
size was reduced 12 percent. Space savings like this mean important savings in steel and construction costs. You might even 
make the panel an integral part of your machine rather than mount it separately. Or perhaps you'll be able to use a standard 
enclosure rather than a larger, more costly special. Since G-E starters are smaller and have full-front 

accessibility, you can locate wiring channels closer together, considerably reducing vertical panel 

space. Your G-E sales engineer can show you many more MEASURABLE ADVANTAGES. Call 

him today, or write for Publication GEA-7020. General Electric Co., Section 811-17, Schenectady 5, N.Y. 


Progress ls Our Most Important Product 
GENERAL @ ELECTRIC 
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USSG" BRUSHES contribute 


: to the reliability of 
heavy duty industrial tools 


* 


ea cae 


For more than 65 years, Thor Power Tool Company has been designing and engineering 
tools for use in industries throughout the world. Today, Thor engineers are developing 
and perfecting tools to speed up industrial production; designing and building tools that 
are meeting every demand of modern industry. Because brushes are vital to the power, 
endurance and efficiency of Thor industrial tools, Thor specifies USG Motor Brushes. 


In hundreds of installations, in thousands of electrically powered units, United States 
Graphite Company (USG) brushes are giving excellent, maintenance-free service. 


Always specify USG brushes of om carbon-graphite, electro-graphitic graphite, 
metal graphite or silver-graphite for your 

rotating electrical equipment. A well-trained empha” eae . yo 

staff of engineers is available to assist you in iained in Catalog 8-56 and the 

the selection of the grade and type of USG Us grade list. Write for these 

brush best suited to your application. two catalogs today. 


8-267+1 


THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW 8, MICHIGAN 
GRAPHITAR® carBoN-GRAPHITE © GRAMIX® powpER METALLURGY © MEXICAN® crapnite prooucts © USG® Brusnes 
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EVEN AT HIGH HUMIDITIES, 
MYLAR” GIVES CAPACITORS 
LONG-LASTING STABILITY! 


Mylar* polyester films resist the three 
main causes of capacitor failure—humid- 
ity, high temperatures and voltage stress. 
‘“‘Mylar’’ has 35 times the moisture resist- 
ance of rag paper and can’t dry out 
because it contains no plasticizer. 
Because ‘‘Mylar’’ is so stable, capaci- 
tors retain high electrical characteristics 
...last longer...offer the highest reliabil- 
ity. And you get these benefits in capaci- 
tors insulated with ‘‘Mylar’’ at a cost 
comparable to the lowest-priced capaci- 
tor types. Motors benefit from ‘‘Mylar’’, 
too. Run service-free 50 to 100% longer. 
In a wide variety of electrical applica- 
tions, ‘‘Mylar’’ can improve performance, 
lower costs. Here are some more reasons: 
dielectric strength of 4,000 v/mil7 e 
thermal stability from —60°C. to over 
150°. « resistance to chemicals, aging, 
abrasion and tearing. Best of all, you can 
use less, often pay less... because you get 
all these advantages in thinner gauges. 
Evaluate ‘‘Mylar’’ for your product. 
Write for free booklet (SC) detailing prop- 
erties and applications. Du Pont Co., Film 
Department, Wilmington 98, Delaware. 


*L6. U.S. par Off 
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SETTER THINGS FOR BETTER LIVING *“ Mylar” is Du Pont’s registered 
- +» THROUGH CHEMISTRY trademark for its polyester film. Only 
Du Pont makes “Mylar.” 
ASTM D-149. 


SEE US AT WESCON BOOTH 4330-32 
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verity 
events 
permanently 
In 
milliseconds 


Brush Operations Monitors’ response to signals is virtually instantaneous—less than 4 milliseconds. 
Multiple high-speed events are clearly defined from start to stop, on a common time base—and at rates up 
to 500 per second. Portable 30 channel or rack-mounting 100 channel models record sharp reproducible traces 
with fixed-stylus electric writing that provides the utmost in reliability. “Built-in” transistor switching to 
eliminate relays is optional. No direct writing recording system can match the capabilities of Brush Operations 
Monitors for industrial and military analysis 


and control. Write for complete specifica- —__ brush INSTRUMENTS 


tions and application data. DIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
CORPORATION 





compact 

transistor switching 
for * 
millisecond 
monitoring 
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The new Brush Trans-Switcher eliminates relays—greatly simplifies your problems of operations monitor- 
ing. Designed to take full advantage of the fast response and high resolution of Brush Operations Monitors, 
this compact, solid-state switching unit accepts up to 100 different “on-off” signals in a broad range of 
pulse shapes and amplitudes. Interchangeable, plug-in decade boards are designed to accept different 
voltage ranges and modes of operation. Avoid the “black box’? approach—specify the standard Brush 
Trans-Switcher for the ultimate in precise, reli- 

able monitoring. Write for complete details. — brush INSTRUMENTS 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
CORPORATION 


~~ 





PRODUCT-DESIGN BRIEFS 
FROM DUREZ 


The hardener does it 


Could you be looking for an epoxy that 
retards fire? 


Here are two epoxy laminates we 
made up, in the laboratory. Both were 
exposed to equal flames for 30 seconds. 
When the flames were removed, one 
laminate blazed merrily on. The other 
snuffed out instantly, with slight local 
charring. 

The only difference in composition 
was in the hardener or curing agent: at 
the left, a conventional one; at the 
right, our HET® Anhydride. 

Besides imparting flame retardance, 
HET Anhydride gives a liquid epoxy 
resin a high heat-distortion point and 
superior flexurals at 350°F. It won't 
stain hands or cause dermatitis. And it 
costs less than most hardeners. 

We don’t make epoxies, but we’ll be 
glad to send you data on HET Anhy- 
dride. Just check the coupon for it. 


Space saver 


“Build a relay that’s small enough to 
put in a topcoat pocket—and has the 
power rating of much bigger relays.” 

This was the challenge Westinghouse 
engineers faced. They met it with the 
help of low-cost Durez® phenolic mold- 
ing compounds. 

Five structural members of the new 
relay are molded from phenolic. All 
are excellent examples of the fine de- 
tail that’s achievable with today’s phe- 
nolics to help you save space. 

The large component shown here is 
part of a two-piece cover assembly. 
Containing a number of holes perpen- 
dicular to the mold parting line, it is 
transfer molded in a 2-cavity cam-ac- 
tion mold, using preheated preforms. 
The other cover piece (foreground), a 
simpler part, is compression molded in 
two cavities. Both parts employ Durez 


€Circle 131 on Inquiry Card 


265 Black, a general-purpose com- 
pound chosen mainly for its good mold- 
ability. 

The relay’s crossbar (left center), 
since it is a moving part, requires extra 
strength in the contact supports. It is 
transfer molded from a different Durez 
general-purpose compound, one that 
provides slightly higher impact strength. 

Molding requirements on the cross- 
bar are critical. Edges must be perfect, 
and very little flash can be tolerated. 

The coil spool (upper left center) 
and base (at right) both are transfer 
molded from Durez 265. 


WESTINGHOUSE ELECTRIC CO 


® Making epoxies retard fire 
® Building a compact relay 
® Insulating against corona 


Defeats corona 


Good insulation is important in the 
high-voltage switch that incorporates 
this little plastic spacer. 

The switch handles voice current that 
travels 2,250 miles beneath the Atlantic 
Ocean between Newfoundland and 
Scotland through the world’s first trans- 
oceanic telephone line. 

High voltage in the system tends to 
cause corona. This appears as a noise 
which interferes with the voice current. 


ELECTRO SWITCH CORP 

The plastic spacer helps keep this 
problem solved. It’s molded of a Durez 
diallyl phthalate compound that de- 
velops less corona than other materials 
considered for the job. 

Moldings made of this material are 
noted for their excellent electrical prop- 
erties. What’s more, they retain these 
properties for long periods at 90% rela- 
tive humidity. Arc resistance is con- 
sistently reproducible. 

Can this premium moldable insula- 
tion help you save space in a switch or 
other component, or solve a tough in- 
sulation-reliability problem? Check with 
your molder, or ask us for data sheets 
on Durez diallyl phthalate molding 
compounds. 


For more information on Durez products mentioned above, check here: 





mailed periodically) 


(] Epoxy hardener, HET Anhydride (technical data file) 

C) Phenolic and diallyl phthalate molding compounds (Bulletin D204—16-page 
pocket guide to properties of typical compounds) 

[] “Durez Plastics News” (illustrated review of new applications, 


Check, clip, and mail to us with your name, title, company address. 


DUREZ p.iastics DIvISION 


1308 WALCK ROAD, NORTH TONAWANDA, N. Y. 


HOOKER CHEMICAL CORPORATION 
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HERES THE INSIDE STORY OF 
General Electric low current 


Welded top lead . . . for easy, de- 
pendable installation; tin dipped for 
maximum solderability 


Welded tube seal . . . protects against 
possibility of leaks 


Hermetic seal . . . Kovar 
metal to matched oxide- 
bonded ceramic seal pro- 
tects against thermal shock, 
cycling; enhances electrical 
stability, low leakage cur- 
rent 


Molecular sieve . . . a “getter” for long 
term stability 


Silicon pellet... highly efficient junc- 
tion design minimizes forward volt- 
age drop 


maximum pro- 


Hard soldered joint. . . 
tection against failures caused by 
thermal fatigue, high temperature 
storage 


Welded main seal . . . maxi- 
mum protection against hous- 
ing leaks 


GERMANIUM RECTIFIERS 


UP TO 1200 MA © UP TO 
400 PRV 


11 types, including MIL ap- 
proved units, recognized as 
the industry standard for 
high reliability. Features in- 
clude extremely low for- 
ward resistance, high back 
resistance, and transient PRV 
ratings for safer applica- 
tions. 


LEAD MOUNTED SILICON 
RECTIFIERS 

UP TO 750 MA @ UP TO 
1000 PRV 


54 types, including MIL ap- 
proved units, featuring 
transient PRV ratings, maxi- 
mum forward conductance 
at high operating tempera- 
tures, very low leakage 
and unusual freedom from 
thermal fatigue. 


STUD MOUNTED SILICON 
RECTIFIERS 

UP TO 1.5 AMPS @ UP TO 
1000 PRV 


50 types, including MIL ap- 
proved units. Most types 
identical to the popular 
lead mounted units, except 
for the stud mounting. 
Transient PRY ratings, high 
reliability. 


INSULATED STUD SILICON 
RECTIFIERS 

UP TO 1.5 AMPS @ UP TO 
600 PRV 


6 types, identical to the 
popular stud mounted 
1N115-1N1120 series, ex- 
cept that the stud is elec- 
trically insulated from the 
junction. Transient PRV 
ratings. 


SILICON ZENER DIODES 
ONE WATT AXIAL LEAD 


28 types, including A and 
B versions, featuring low 
junction temperatures under 
operating conditions, cool 
operation for improved 
characteristics and long 
life. All-welded package 
for reliability under extreme 
environmental conditions. 
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rectifiers and Zener diodes 


An average of 16 separate life, electrical, mechanical 
and environmental tests prove out the quality that has 
been built into General Electric low current rectifiers 
and zener diodes. The use of “getters”, the finest her- 
metic seal available, hard soldered joints, and welded 
main and tube seals are only a few of the reasons they 
test out so well. Silicon rectifier type 1N538, for ex- 
ample, was put through torturous life test studies over 
a period of 10,000 hours at maximum temperature, 
current and PRV ... and came through with a 99% 
survival percentage. 


For complete technical information, just call your 
Semiconductor Products District Sales Manager. Or 
write Rectifier Components Department, Section 
20H26, General Electric Company, Auburn, New York. 
In Canada: Canadian General Electric, 189 Dufferin 
Street, Toronto, Ont. Export: International General 
Electric, 150 E. 42nd Street, N.Y. 17, N.Y. 


For fast delivery of selenium, germanium, 
and silicon rectifiers at factory-low prices, 


see your authorized G-E distributor 


Progress ls Our Most Important Product 
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New from Johns-Manville! 


Announcing... 


R-430 QUINORGO 


ELECTRICAL INSULATION 


A flexible asbestos sheet that provides 
long-term electrical stability ... at lower cost! 


THERMAL AGING TESTS PROVE R-430 QUINORGO 
RETAINS ITS INITIAL OUTSTANDING A-C IMPEDANCE PROPERTIES! 


Here’s a great new insulation from Johns-Manville 
Research! It’s R-430 Quinorgo—a silicone-treated, 
glass-reinforced asbestos insulation that maintains 
excellent a-c impedance properties after 1680 hours 
at 300C. This superior class “H” insulation is a 
flexible sheet that combines all of the best proper- 


ties of highly purified asbestos fibers . . . glass fib- 
ers... and silicone resins. 

Every fiber of R-430 Quinorgo is completely im- 
pregnated with heat-stable silicone resins to assure 
continued moisture resistance throughout the long 
life of this remarkable insulation. You can gain 
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optimum life for transformers 
and motors ...at lower costs 
than ever before! 

Available in rolls, tapes and 
cut sheets, R-430 Quinorgo has a 
nominal 10-mil caliper. For data, 
ask for data sheet EL-113A. 

R-430 Quinorgo is the latest 
member of a whole family of eco- 
nomical, high-temperature insu- 
lations. They include Quinorgo 
Papers and Boards as well as 
completely inorganic Quin- 
terra® Papers and Boards, which 
for years have been successfully 
used in countless applications 
throughout the electrical indus- 
try. 

Get the complete story on both 
Quinorgo and Quinterra Electri- 
cal Insulations from your Johns- 
Manville Representative this 
week. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In 


Canada: Port Credit, Ont. Cable:, 


Johnmanvil. 
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Unretouched photographs of wrapped bars after 1680 hours at 300°C. 


Test results are 


presented below. 


ACTUAL TEST RESULTS—R-430 QUINORGO (.012” THICK) 


| Power | Dielectric 
Facter | Constant 


Std. Condition, 75F, 50% RH | 
Conditioned 16 hours andtested | 8.3% 


Std. Condition, 75F, 50% RH 
After 1680 hours @ 250C 


Humid Condition, 75F, 91% RH 
After 1680 hours @ 250C 


PROPERTIES OF R-430 QUINORGO* 


Nominal Thickness 10 mils 
Dielectric Strength 450 volts/mil 
Dielectric Constant 4.2 

Power Factor 8% 

Bursting Strength (Mullen) 140 psi 


Min. Machine Direction 65 Ibs./inch 
Breaking Load of width 


Approx. Weight .061 Ibs./sq. ft. 
*All tests made after conditioning at 70F, 
% RH 


JOHNS-MANVILLE 
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| 

|| Std. Condition, 75F, 50% RH 

|| Conditioned 16 hours andtested| 8.3% | 


Std. Condition, 75F, 50% RH 
After aging 1680 hours @ 300C 6.9%| 4.3 


Humid Condition, 75F, 91% RH 
|| Conditioned 16 hours and tested | 
|| Humid Condition, 75F, 91% RH 
|| After aging 1680 hours @ 300C 


12% 


14.1% 5.7 


IMPORTANT TAPE FACT! 


Johns-Manville . . . and Johns-Man- 
ville alone . . . makes every major 
type of electrical and industrial 
tape! Be sure you specify depend- 
able, top-quality J-M Dutch Brand 
Tape® next time you order! 


JOHNS -MANVILLE 
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How to shrink a filter! 


Magnetics Inc. ‘120’ solves the problem of core size vs. inductance in miniaturized circuits 


Trying to squeeze high core inductance into a small 
space for use in miniaturized resonance, filter, audio, or 
carrier frequency circuits usually ends in a compromise. 
You either force more out of a smaller core, or you use a 
larger one. Not so, however, if you’re familiar with the 
Magnetics Inc. “120.” 


This molybdenum permalloy core has a .655 inch outer 
diameter—is just between the .500 and the .800 inch core 
you may be using. What makes this little fellow unique 
is its inductance per 1,000 turns. . . higher than either of 
its neighbors, whether 60, 125 or 160 permeabilities. 


Note, too, that like all Magnetics Inc. powder cores, the 
“120” is performance-proved and rated within realistic 


inductance limits. All permeabilities are available from 
stock now. What's more, the 125 permeability core is 
inductance stabilized within +0.1% from 0° to 55°C. 
More information on this and other cores in the Mag- 
netics Inc. line is contained in design bulletin PC-203 R. 
It's yours by writing Magnetics Inc., Department ET-91, 
Butler, Pennsylvania. 


MAGNETIES inc. 


& 


See Magnetics inc., Booth 1915 at WESCON. 
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NEES NURS EI Ct ETE eM ly 2N708 silicon Are 


For high speed logic switching with assured reliability, the General Instrument 2N708 npn silicon planar 


switch features the unique Molecular Shield™ surface-passivation process. @ Here’s a planar that is stable, 
reliable and uniform...lot by lot...with excellent gain characteristics as well as extremely low leakage 
current. Designed for switching applications, this type, as well as others in the popular 2N706 class, utilizes 
the latest planar techniques. @ Extensive tests have proved that this type of transistor construction offers 
definite circuit advantages. Life tests, for example, indicate little degradation as a result of operation and 
storage at high temperatures. @ The immediate availability of the 2N706 series in production quantities 
should be of interest to designers now using our silicon mesa transistors. The 2N708 is also available in 
limited quantities. For microtransistors, pancake-package transistors... for all your silicon planar and mesa 
transistors, call the sales office or franchised distributor nearest you. Or write for complete details to General 
Instrument Semiconductor Division, 65 Gouverneur St., Newark 4, N. J. 

Abbreviated Specifications—General Instrument NPN Silicon Planar Transistors 


60 nsec 


25 nsec 


GENERAL INSTRUMENT SEMICONDUCTOR DIVISION | 
GENERALINSTRUMENT CORPORATION <tc 126 0» tmauty Cord eso e MD srs 
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SNAP-IN TROUGH COVER between top and middle rows 
of relays (on lower half of panel above) has been re- 
moved to show how relay sides form own wiring trough. 
Space-consuming wiring trough is eliminated, and relays 
can be mounted closer together. 
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FEATURES NO OTHER 
RELAY CAN MATCH! 


1. ONLY 300-VOLT RELAY WITH 


CONVERTIBLE CONTACTS 


You can change contacts from nor- 
mally open to normally closed in 
90 seconds ... with only a screw- 
driver. Coils too, can be changed 
in seconds ... and you can make 
up any form you need through 8 
poles from basic 4-pole relay. Re- 
sult: increased flexibility, reduced 
inventory costs. 


ONLY 300-VOLT RELAY TO FORM ITS 
OWN WIRING TROUGH 


New CR120 relays eliminate need 
for separate wiring trough—te- 
quire only 55% square inches of 
mounting area. Result: panel size 
is substantially reduced because 
you can mount more relays in a 
given space. 


ONLY 300-VOLT RELAY WITH ALL 
TERMINALS OUT-IN-FRONT 


There’s no double-decking of ter- 
minals to complicate hook-up. Wir- 
ing and maintenance are simple 
because all terminals are out-in- 
front where they are most acces- 
sible. Result: important savings in 
installation and maintenance time 
and costs. 


ONLY 300-VOLT RELAY OFFERING 
ALL THESE FORMS 


Choose from standard 2-, 4-, 6-, 
and 8-pole relays and latched and 
pneumatic timer forms. Also avail- 
able are 2-pole adder kits, allow- 
ing you to assemble 6- and 8-pole 
relays from basic 4-pole form. 

Your General Electric sales en- 
gineer has a sample of this new 
300-volt relay. Call him today for 
a demonstration. Or, write for pub- 
lication GEA-7329, General Elec- 
tric Co., Section 811-26, Schenec- 
tady 5, New York. 


Progress /s Our Most Important Product 
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300-volt industrial relay... 


Save Panel Space, Installation Time With These Design Feature: 


90-SECOND CONTACT CHANGE—Convertible 
contacts may be changed from normally 
open to normally closed with only a screw- 
driver .. . in the field. Allows you circuit 
flexibility, reduces your relay inventory. 


WIDELY-SPACED TERMINAL BARRIERS—Plenty 
of space between terminal barriers (3% 
inch) allows you easy access with stand- 
ard screwdriver for connecting leads. Large 
pan-head screws add to ease of hookup. 


BUILDING BLOCK POLE-ADDERS—T wo-pole add- 
ers can be mounted on sides of basic re- 
lay to give 6- or 8-pole device. Allows you 
building-block flexibility . . . in the field. 
All forms also available from factory. 


ALL TERMINALS IN FRONT—Have terminal- 
board accessibility—no need for double- 
decking . . . even on 8-pole forms. Result: 
complete accessibility from the front means 
installation time is greatly reduced. 


VISIBLE CONTACTS—AIl contacts are visible 
at a glance. You can check panel functions 
manually by moving indicating tab. ON- 
OFF identification on marking strip indi- 
cates whether or not coil is energized. 


COMPATIBLE DESIGN FOR ALL FORMS—Same 
design used for latched relays, relays and 
timer (1 to r). Height, wiring arrange- 
ment, and terminal locations are alike 
for all forms. Result: simplified installation. 


HANDY WRITE-ON MARKING STRIP—White 
nylon marking strip lets you label each 
relay and all wires. Result: visual iden- 
tification of relay and wire numbers saves 
time when inspecting or trouble shooting. 


30-SECOND COIL CHANGE—Inspect or replace 
coil by loosening two screws and pulling 
out coil. Can be done without the use of 
special tools . . . and without removing 
the relay from the panel. 


HIGH CONTACT FIDELITY—Self-cleaning con- 
tacts have unique “scrubbing” action. Mov- 
able contact springs are mounted at an angle 
so contacts slide over each other to wipe 
off contaminants. 
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(Actual Size) 


“302 PB” Miniaturized Lighted 
Push-Button Switch 


Indicator and switch unit with momen- 
tary action—actuated only while the but- 
ton is depressed—both combined in less 
than one cubic inch. The “302 PB” Se- 
ries conforms to the requirements of 
MIL-S-6743, MIL-S-6744 and MIL-E- 
5272A. Write for Data Sheet 182. 


MICRO SWITCH ;:: FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


Honeywell 


a «MICRO SWITCH Precision Switches 
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Moduiar 
“Series 2s 


- “50 PB” lighted 


MICRO SWITCH 
HAS MORE ANSWERS 
FOR CUSTOMIZING 


YOUR CONTROL PANELS! 


a 


Rocker 
actuator switch 


I Sita 


push-button assembly 


AUGUST 1961 


with tab indicator 


“13 AT” toggle “17 AS” rotary 


selector switch switch assembly 


MORE SWITCH DESIGNS, MORE FLEXIBILITY IN THE MICRO SWITCH PUSH-BUTTON LINES 


When you want a control panel precisely tailored 
to your equipment and absolutely reliable, start 
with MICRO SWITCH. You'll find the wider selec- 
tion fits your ideas, rather than your ideas having 
to fit the selection. 

New “302 PB” Miniaturized Lighted Push- 
Button Switches provide infinite lamp life, 
double-pole double-throw switching and 2-color 
indication in a unit requiring only one cubic inch 
of panel space. 

Modular “Series 2”’ Lighted Push-Button 
Switches offer customized combinations of eight 


different basic switches and dozens of colored 
indicators—and they snap together without tools. 
New truncated display screens add dimensional 
visibility. 

MICRO SWITCH also makes the “Series 50 PB” 
lighted push-button switches as well as hundreds 
of different toggle switches and assemblies. 
Everything you need for customizing control pan- 
els. See the Yellow Pages for the nearby MICRO 
SWITCH Branch Office. Write for illustrated cata- 
logs on push-button and toggle switches for con- 
trol panels and machine control stations. 
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“2 PB” push-button 


G-E LEXAN® POLYCARBONATE RESIN 
GOOD DIELECTRIC—AND MUCH MORE! 


STABLE ELECTRICALS Binding posts 
made of LEXAN resin retain electricals 
even under moist, hot conditions. They do 
not loosen, are molded in six attractive 
LEXAN colors for coding. Other features 
are: low loss and power factor, low dielec- 
tric constant, high voltage insulation, 
non-sink surfaces. (Superior Electric) 


Bai 
DIMENSIONAL STABILITY Card guide 
for business machines is molded to close 
tolerances . . . must undergo minimum 
change in dimensions during service. 
Parts show excellent dimensional stabil- 
ity under moist and high temperature 
conditions. LEXAN resin meets self- 
extinguishing requirement. (IBM) 


t 


HEAT RESISTANCE Beautiful handles 
of LEXAN polycarbonate resin are used 
in rugged service on soldering irons. They 
resist the impact, heat and abrasion of 
daily bench work. The hard, glossy han- 
dies are light in weight. Molded in three 
pastel colors, they provide toughness 
and sales appeal. (Ungar Electric Tools) 


STRENGTH These coil forms can take 
temperatures above 200°F without 
deforming, despite stresses exerted by 
tightly wound wire. LEXAN resin is non- 
corrosive even when used with very fine 
Class F magnet wire. Coil forms have 
structural strength and stability ... high 
oxidation resistance...stable electricals. 
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SELF-EXTINGUISHING The self- 
extinguishing characteristic of LEXAN 
resin (ASTM-D635) is just one of several 
indispensable properties in this unique 
connector. Other important features are 
high dielectric strength, dimensional sta- 
bility, moldability, good appearance, high 
impact strength. (Camblock Corp.) 


HIGH-PERFORMANCE DESIGNS 
START WITH LEXAN THERMOPLASTIC 


LEXAN resin is a stable and beauti- 
ful design material. It provides an 
outstanding variety of top qualities 
— from good electricals to the high- 
est impact strength of any plastic. 
It has excellent high-temperature 
properties, including a high heat 
distortion point under heavy loads. 
The material is naturally transpar- 
ent ... has often been likened to a 
transparent metal. In fact, it offers 
the production advantages of both 
thermoplastics and non-ferrous 
metals. Its other advantages are too 
numerous to describe here: we urge 
you to refer to G-E’s extensive 
literature on LEXAN resin. Send 
for details on price, properties, 
applications and G-E’s technical 
assistance program today! General 
Electric, Chemical Materials Depart- 
ment, Section ET-61, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 
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C TYPE MAGNETS FOR 
MICROWAVE APPLICATIONS 


COME SEE US AT 
BOOTH 1905-07-09 


C TYPE MAGNETS in a wide range of sizes to meet your design needs in 
* Transverse Field Isolators » Differential Phase Shifters » Duplexers 


Arnold C-type Alnico Magnets are available in a wide 
selection of gap densities ranging from 1,000 to over 7,500 
gausses. There are six different basic configurations with a 
wide range of stock sizes in each group. 

The over-all size and gap density requirements of many 
prototype designs can be met with stock sizes of Arnold C 
Magnets, or readily supplied in production quantities. 

When used in transverse field isolators, Arnold C Mag- 
nets supply the magnetizing field to bias the ferrite into the 
region of resonance, thus preventing interaction between 
microwave networks and isolating the receiver from the 
transmitter. These magnets are also used in differential 
phase shifters and duplexers, and Arnold is prepared to 
design and supply tubular magnets to provide axial fields 
in citcular wave guides. 


AUGUST 1961 


A feature of all Arnold C Magnets is the excellent field 
uniformity along the length of the magnet. Versatility in 
design may be realized by using multiple lengths of the 
same size magnet stacked to accomplish the needs of your 
magnetic structure. 

Let us work with you on any requirement for permanent 
magnets, tape cores or powder cores. @ For information on 
Arnold C Magnets, write for Bulletin PM-115. Address 
The Arnold Engineering Company, Marengo, Illinois. 


ADDRESS DEPT. EM-8 74268 


w ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 


Circle 140 on Inquiry Card ae 





For Long Life and Power Economy 


LATCHING 
SUBMINIATURE 


crystal can 


RELAY 


The new CLARE Type LF, magnetic latching subminiature relay 
offers designers simplified circuitry in small space by providing latching 
effect without transistors. Magnetic latching results in power economy. 


The Type LF is available with either 2-coil or 1-coil configuration. 
The 2-coil relay allows complete control of the latching operation 
within the relay and provides an extremely compact operating unit. 
The 1-coil relay is somewhat more sensitive; it is adaptable to 
existing circuits where outside control is provided. (See opposite 
page for specifications and circuit diagrams.) The Type LF provides 
the same wide range of mounting arrangements and terminals 
as the CLARE Type F relay. 


FOR NON-LATCHING  ? oO. ae 
OPERATION | Crystal Can Relay 


{ 















TYPE CF 


actual size. 
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Life Ex ney 
Wet Circuit: ' 

3.0 amperes, 28VDC resistive—100,000 operations 

2.0 amperes, 28VDC resistive—250,000 operations 

1.0 ampere, 28VDC resistive—t1 ,000,000 operations 

1.0 ampere, 28VDC inductive (100 millihenry)—100,000 


operations 
1.0 ampere, 115 VAC resistive—100,000 operations 
Dry Circuit: 
1,000,000 miss free operations when subject to 
conventional dry circuit requirements, 


Temperature—+125° C tor —65° C 
»Shock—100g's for 1/2 sine wave 11+ 1 MS pulse 
Linear Acceleration—100g's minimum 
Vibration—.250" DA or 30 g's, 5-2000 cps. 
Humidity & Salt Spray—MIL-R-5757D 
Enclosures: Tinned brass cover with fungus-resistant 
finish. Hermetically sealed and filled with dry 
nitrogen at atmospheric pressure. 
Contact Arrangement—2PDT latching 
Terminals—Plug-in (3/16" straight), solder hook, 3” straight 


Wiring—Two coils (as shown on drawing above) 
. One coll (as shown on drawing above) 


Weights—.54 02, for plug-in 


_ 62 02. for 2 studs, 3” leads 


relay shown (cover removed) is 
the 2-coil design which controls 
the entire latching operation 
within the relay. Shown twice 


Diagram 


1-Coil Circuit 
Diagram 


Operate Time—Two coil: When appl a minimum of 5 
milliseconds—a voltage of at least two times the must operate 
voltage, the operate time including bounce will not exceed 
5 milliseconds. One Coil: operate time will not exceed 8 
milliseconds. 


Sensitivity—Two coil, approximately 150 milliwatts 
One coil, approximately 75 milliwatts 
Dielectric Strength 
Sea level: 1000 volts rms—all terminals to case 
1000 volts rms—between contact sets 
600 volts rms—between n contacts of a set 
70,000 ft: 350 volts rms—all terminals to case 


Insulation Resistance—1000 megohms minimum at +125° C be- 
tween any two terminals and between all terminals and case, 


Maximum interelectrode Capacitance— 
Closed contacts to case... «oi ccise asd cates 3.7 picofarads 
Coben COCs 00 CHOP... eck ic ii ences 2.0 picotarads 
Between contacts of a set... . 2... ccc c eee eeee 2.0 picofarads 
Between adjacent contact sets................. 3.5 picofarads 


Maximum Coil Dissipation 
Two Coil: .50 watts at +125° C 
.15 watts at +25°C 
One Coil: 1.25 watts at +125° C 
2.0 watts at +25° C 
Standard Adjustment—Relay will operate and hold when the 
must operate voltage is applied 
Contact Resistance: 
Maximum: 50 milliohms at 6 volts, 100 milliamperes. 
Typical: 25 milliohms at 6 volts, 100 milliamperes. 


2-Coil Circuit 


For coil and mounting data on CLARE Type LF relay send for 
CPC-12. Address: C. P. Clare & Co., 3101 Pratt Bilvd., Chicago 
45, Illinois. In Canada: C. P. Clare Canada Ltd., 840 Caledonia 
Road, Toronto 19, Ontario. Cable Address: CLARELAY. 


C. P. CLARE & CO. Relays and related contro/ components 
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Now! minify without “SHOE-HORNING”. .. 


TANTALEX® Solid-electrolyte Capacitors Can Help! 


Big boast? No! Plain fact. You need no shoe horn to get high capacitance 
values into your transistorized circuits. Sprague’s ultra-miniature, solid- 
electrolyte TANTALEX Capacitors let you minify to the hilt without 


sacrificing performance or reliability! This one, 
Y%" in diameter by 4" long, yet packs a whopping 


A Reliable Source of Supply! 


Sprague Electric Company pioneered in the develop- 
ment of solid-electrolyte tantalum capacitors. Un- 
matched experience has enabled us to establish the 
largest production facilities in the capacitor indus- 
try. Producing more solid-electrolyte tantalum 
capacitors than all other suppliers combined, it 
stands to reason that Sprague Electric offers . . . in 
addition to reliability of product... reliability of 
source of supply! 


Type 150D Capacitors can be furnished to meet 
all of the requirements of Military Specification 
MIL-C-2665 5A. Sprague, the pioneer in the solid 
tantalum capacitor field, is your first source for 
Types CS12 and CS13. 


for example, is only 
6.8 uF at 6 volts! 


Polar and Non-Polar Types Available 


The famous Type 150D polarized capacitor, out- 
standing for miniature size, excellent characteristics, 
and reliable service life, is now joined by non- 
polarized Type 151D, which is useful in many new 
applications, such as phase-splitting in small low- 
voltage motors, in servo systems, in low-frequency 
timed circuits, in crossover networks, and in bypass 
applications where high ripple voltages are en- 
countered. 

@ We'll be happy to send you complete performance data 
covering the full range of sizes and ratings of Tantalex Capaci- 
tors. For information on Type 150D Capacitor, request 
Bulletin 3520D. For data on Type 151D Capacitors, specify 
Engineering Bulletin 3521. Address Technical Literature 


Section, Sprague Electric Company, 307 Marshall Street, 
North Adams, Massachusetts. 


You can get off-the-shelf delivery of Type 150D capacitors at factory prices on 
pilot quantities up to 499 pieces from your local Sprague Industrial Distributor 


SPRAGUE COMPONENTS 


CAPACITORS 

RESISTORS 

MAGNETIC COMPONENTS 
TRANSISTORS 


INTERFERENCE FILTERS 
PULSE TRANSFORMERS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 
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HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 


SS 


THE MARK OF RELIABILITY 


‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co. 
ELECTRO-TECHNOLOGY 





Electro-Technology 


Formerly Electrical Manufacturing 


Energy Flow: 


the Key to Systems Analysis 


FOR MANY YEARS, electrical engineering was 
concerned chiefly with applying electricity to 
mechanical tasks. In so doing, knowledge was 
developed and applied along many distinct 
lines, but little thought was given to unifying 
principles or to broad systems engineering. In 
the past twenty years, there has been a great up- 
surge in the arts of electronics, information 
theory, computers, and solid-state physics. Thus, 
the forefront of research has moved away from 
electrical-machine theory and power frequen- 
cies to automatic-control theory and communi- 
cation frequencies. 

The generation, transmission and conversion 
of energy are now more extensive and impor- 
tant than ever. Also, there is under way an 
urgent search for new power sources, requiring 
radically different power-generation — plants. 
With the aid of computers, there is a rapid 
growth of more varied and complex electro- 
mechanical power systems. For leadership in 
all these activities, engineers are needed who 
are well grounded in the broad principles of 
energy-flow analysis, with the ability to inte- 
grate the arts of power, control and communi- 
cations engineering into a truly broad theory 
of systems engineering. 

To solve any problem, the engineer needs, 
first, to “take in” its nature, its elements and 
their relations. Then, he conceives a_ simple 
mathematical model, or analog, that reduces 
the problem to its essentials and points the 
way to a step-by-step solution. Also, he needs 
to know and apply basic physical laws that will 
lead him to equations of performance, and he 
needs to know materials and how to calculate 
forces, impedances, and coefficients for his 
equations. Finally, he needs the mathematical 
ability to find useful solutions of the equations. 
To do all these things, the engineer needs to 
hold clearly in mind the laws of energy flow, 
which govern machine and system behavior. 
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The theory of rotating electrical machines, 
with its concepts of invariant transformations to 
moving reference axes, the conversion of energy 
from one form to another, and its use of tensor 
analysis, is the all-inclusive foundation of the 
electrical engineering art. The need to consider 
all types of machines—and, indeed, all electro- 
mechanical energy-conversion devices—as mere- 
ly different aspects of a “primitive” or “gen- 
eralized” machine has gradually gained accept- 
ance over the past thirty years, and is now 
universally recognized. Gabriel Kron’s funda- 
mental paper on the general theory of rotating 
apparatus in 1930 was the first of a long series 
in which he has driven home the unity of all 
aspects of machine theory, and shown the use- 
fulness of the broad concepts of electromechani- 
cal energy transformation and of tensor analysis 
in power-systems theory. 

The task now ahead is to consolidate all these 
related ideas of machines, networks, control, 
and systems engineering into a unified procedure 
for dealing with all sorts of problems, and to 
make it available to practising engineers. We 
believe that this open-ended “dynamic circuit 
theory” will now rapidly take shape for educa- 
tional purposes, replacing the conventional 
piecemeal methods of machine analysis, and will 
in time come into widespread practical use. The 
recent articles and books by Kron, Bewley, White 
and Woodson, Messerle and Koenig (and 
others) are doing much to bring this about, and 
at the same time are pointing the way to new 
opportunities for engineering and research in 
the intimately related fields of machines, control, 
computers, and systems engineering. 


Philip L. Alger and Edward Erdelyi* 


* Editor’s note: P. L. Alger, of Rensselaer Polytechnic Institute, and 
E. Erdelyi, of the University of Delaware, are co-authors of a Science 
& Engineering article, ‘‘Electromechanical Energy Conversion,”’ which 
will appear in our September issue. 





Unconventional 
Power Sources - 1 


New devices for obtaining electrical power 
have become the “‘glamour gadgets” of the 
space age. In this two-part article, we will 
take a look at the latest developments in all 
of the various types, dealing particularly 
with their electrical characteristics, efficien- 
cies, and power-to-weight ratios. The second 
part will cover thermionic converters, solar 


cells, magnetohydrodynamic converters, 


photoemissive generators, and ferroelectric 


converters. 


ERIC RANDALL 

Industriel Products Division 

INTERNATIONAL TELEPHONE AND TELEGRAPH Corp. 
San Fernando, California 


RESEARCH AND DEVELOPMENT (as well as actual device 
design and production) in unconventional power sources 
have grown, in the last few years, from the relatively 
minor efforts of a few scientists to major programs in- 
volving tremendous outlays of technical effort. The previ- 
ous obscurity of such work was not because various 
alternate methods of producing power had not been con- 
sidered. Probably what we call here “unconventional” 
methods were thought about as soon as the present power 
sources became conventional. However, there was little 
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e Fuel Cells 
e Thermoelectric 
Converters 


impetus for converting into reality the various schemes 
that were considered. 

The necessary impetus was supplied, of course, by the 
arrival of the space age and the emergence of nuclear 
energy as a source of large quantities of power. Second- 
ary encouragement for work in unconventional power 
sources was also supplied by the impending depletion 
of the natural resources which are required by present 
types of power generation, and the concurrent increase 
in the amount of power required for industrial and home 
consumption. 

Power sources for space vehicles must, of necessity, 
require no maintenance and thus possess a high degree 
of reliability. Since a high penalty is paid for every 
pound of hardware launched into space, they must also 
be light, must not require large fuel supplies, and must 
be, inherently, as efficient as possible. In addition (and 
even more so in the long-range future), they must have 
long life. 


Sources of Energy 


Five major sources of energy are available for power 
conversion. They are: 


1. solar energy 

2. chemical energy 

3. nuclear energy 

. natural energy (wind, water, etc.) 
5. matter annihilation. 


In the field of power sources for the space age, only the 
first three are receiving much attention at this time. 

Figure 1 shows the predicted minimum power require- 
ments for several space vehicles, including manned satel- 
lites, a manned mission to Mars (without propulsion), 
and ion propulsion. For long missions, batteries present 
a weight problem. However, high power levels and very 
long-lived vehicles are needed before the high minimum 
power level and size of a nuclear reactor make it desir- 
able. Thus, other sources are necessary for the space 
vehicles being developed today. 
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The main source of power for space vehicles today is 
solar energy, because it is readily available and its use 
makes it unnecessary to expend rocket power to hurl fuel 
into space. The segment of Fig. 1 allotted to solar energy 
may be expanded with the development of more efficient 
thermoelectric, thermionic, or Sterling engine devices. 
For space probes away from the sun, however, it will be 
necessary to rely on nuclear energy, since solar energy 
flux drops off rapidly as the outer planets are approached. 

Figure 2 is a schematic diagram of energy transfor- 
mation systems. It can be seen that, in most cases, the 
end product of the transformation is electrical energy. 
This, of course, is because of the great versatility of 
electricity. Thus, the unconventional power sources being 
investigated today are concerned with converting to 
electrical energy the less useful forms of energy. Three 
principle types of direct energy transformation are used: 


1. Chemical to electrical. The fuel cell is the principal 
means now being studied for converting chemical energy 
to electricity directly. With fuel cells it is hoped that the 
chemical energy of conventional fuels can be converted 
into electrical energy far more efficiently than can be ac- 
complished by present methods. 

2. Solar to electrical. Solar cells are being developed 
rapidly. Their use in space vehicles has already been dis- 
cussed; however, it is hoped that solar cells now under 
development will be able to produce power ‘economically 
for terrestrial use in some locations. 


Cryogenic 
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Fig. 1 — Electrical power for space vehicles. 
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3. Thermal to electrical. Thermal energy is available 
from many sources. Nuclear reactors are sources of large 
amounts of heat. In the future, matter annihilation by 
fusion reactors will be available to produce vast amounts of 
heat. Thermionic, thermoelectric, magnetohydrodynamic and 
ferroelectric converters are being developed to transform 
heat directly to electricity. 

There are, of course, areas of overlapping between 
these direct conversion processes. For instance, regenera- 
tive fuel cells are being developed which use thermal 
energy to dissociate a compound into its elements. The 
elements are then recom)i:ed in a fuel cell, at a lower 
temperature, to produce ex <trical energy. The chemical 
product of the fuel-cell reaction can then be recirculated 
to the thermal source, and the process is made continuous. 

In a similar process, the chemicals which are reacted 
in a fuel cell obtain their energy through photochemical 
dissociation by solar energy. Solar energy can also be 
converted to thermal energy to drive thermionic, thermo- 
electric, or ferroelectric devices. 


Electrical Output Characteristics 


Before dealing with specific devices for the conversion 
of energy to electricity, it is of interest to know some 
of the general aspects of the electrical output of such 
devices. Almost all of the devices being developed today 
produce low-voltage d-c power. For example, fuel cells, 


Thermoelectric, MHD,+ 
thermionic converters 


Fig. 2— Energy transformation systems. 





thermoelectric devices, thermionic devices, and solar cells 
all have open-circuit voltages of from 0.5 to 2.5 volts 
(usually about 1 volt). An interesting point to note is 
that, in three of these devices—fuel cells, solar cells, and 
thermionic devices—the maximum open-circuit output 
voltage is dependent only on the intrinsic properties of 
the materials used. In fuel cells, this voltage depends on 
the chemical free energy of the reaction of the fuel and 
the oxidant. In solar cells, it depends on the energy gap 
of the junction materials: and in thermionic devices, it 
depends on the anode and cathode work functions. These 
intrinsic properties are functions of temperature, but the 
dependency holds at all temperatures. 

For thermoelectric devices, on the other hand, the open- 
circuit voltage is a function not only of the materials but 
also of an external parameter—the temperature difference. 
Thus, the output of fuel and solar cells and thermionic 
devices can be changed only by changing their intrinsic 
material properties, while thermoelectric devices have 
the advantage of being capable of having their output 
varied by changing the temperature difference across 
them. 

The loading curves of the different devices are shown 
and discussed in the appropriate sections. The output 
voltage of each type of device varies rather widely with 
load—sometimes as much as 30 per cent over the useful 
range. This demonstrates the fact that there will be a 
demand for regulating equipment to be used in com- 
bination with the devices. 

Loading curves are important considerations when 
designing a complete system consisting of power source 
and load to operate reliably at high efficiencies. Obvi- 
ously, for a constant load, the problem is greatly simpli- 
fied since the power source can be designed to operate 
at maximum efficiency for the particular load. However, 
very few loads are actually constant. Loads such as 
motors, regulated d-c power supplies, static inverters, 
digital logic systems, etc., require that the power source 
supply varying amounts of power. The internal imped- 
ance of the power source is very important in such cases: 
and in many cases—for instance, when power is being 
supplied through an inverter to an a-c load—the dynamic 
impedance is important. 

The ideal loading curve would be flat from no load 
to some maximum current, where current limiting might 
be permissible. Each of the power sources described in 
this article has at least a portion of its curve moderately 
flat. The range over which this approximation to the 
ideal exists varies for different devices. In some cases. 
it is a very small portion. Some devices have a no-load 
voltage rise and some also have a sharp drop when cur- 
rent limiting sets in. 

When current limiting occurs, caution must be observed 
when applying the power sources to loads with starting 
surges or negative input impedances. For example, a 
motor will start too slowly when its starting current 
requirement is greater than the current output of a 
source which is current-limited. 


LOOK NEXT MONTH for the second article on 
the subject of Unconventional Power Sources. These 
t plus the June and july articles on Electro- 
made available in 


chemical Energy Sources, w 


September as a 


a a 


A unique problem occurs when a regulated load with 
a negative input impedance is applied to a power source. 
Such loads have two stable operating points on the load- 
ing curve unless the internal impedance of the power 
source is less than the absolute magnitude of the in- 
stantaneous load impedance. These points are just be- 
yond the input regulation range, resulting in the loss 
of output regulation. 

Caution must also be observed at the no-load point. 
If the open-circuit voltage of the source is appreciably 
higher than the minimum load voltage, spikes may occur 
during switching which could apply too high a voltage 
to some components in the load. Most of the loads which 
will be supplied by the sources described here will re- 
quire voltages higher than the low voltage output of the 
individual devices. Some loads which normally operate 
on 6-volt, 58-volt, or 120-volt power could be redesigned 
to operate on low-voltage power, but others inherently 
require higher voltages to obtain reasonable efficiency. 
For example, the voltage supplied to rotating equipment 
must be high enough that the brush contact resistance 
loss is negligible. Also, high voltages must be available 
for semiconductor devices since large amounts of heat 
are dissipated in them if they are operated at low vollt- 
ages. 

The need for high-voltage power can be met in two 
ways: the output from individual sources can be fed 
to a converter, or the individual sources can be connected 
in series, thereby building up the output voltage. Because 
of losses in the converter, the series connection is usually 
preferred. However, series connections introduce the 
problem of reliability, since the failure of one device 
means failure of the whole series. 

To create high-current supplies, power sources can 
either be increased in size (although this is not always 
possible) or connected in parallel. Parallel connection 
creates the problem of matching individual devices to 
distribute the current drain evenly. The packaging of a 
large number of individual sources may also create prob- 
lems in size and weight. 

The need for regulating devices has already been 
pointed out. For a-c applications, inverters will also be 
needed. 


Fuel Cells 


Fuel cells are continuous electrochemical devices which 
produce d-c electricity. They differ from primary and 
secondary batteries in that the latter are of the batch 
type, with the electrochemical reactants contained within 
them. The reactants in a fuel cell are externally stored 
and are fed into the cell when it is operating. Within 
materials limitations, then, fuel cells can be run con- 
tinuously without replacement or recharging. 

Present fuel cells can be divided into six conceptual 
categories: 


1. hydrogen-oxygen 4. consumable electrode 

2. molten salt 5. regenerative 

3. redox 6. special 
All six of these are variations of a basic electrochemical 
scheme. As an example, the operation of a hydrogen- 
oxygen cell will be described. 

The cell is made up of three basic components: two 
electrodes (anode and cathode) and the electrolyte 
(Fig. 3). The electrodes serve as electrical conductors 
for electrons entering and leaving the cell and as sites 
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for the electrochemical reactions. The electrolyte serves 
as a medium for the transfer of current, carrying ions 
from one electrode to the other and completing the elec- 
trical circuit of the cell. 

The anode and cathode are electrochemically defined 
as the electrodes where oxidation and reduction electro- 
chemical reactions take place, respectively. The oxida- 
tion reaction is the removal of electrons from an atom, 
and the reduction reaction is the addition of electrons to 
an atom. Thus, electrochemically, the anode is negative 
and the cathode is positive when a cell is discharging 
current, opposing the usual definitions of the terms. 
However, the definitions coincide when the cell is being 
charged. 

At the anode, fuel (in this case hydrogen) is fed into 
the cell. It combines with hydroxyl ions in the electrolyte 
by the reaction 

2H. + 40H > 4H.0 + 4e 
Thus four electrons are freed at the anode. At the cathode, 
the oxidant (in this case oxygen) enters the cell. It is 
combined with water from the electrolyte to yield 
hydroxyl ions by the reaction 


O, + 2H.0 + 4e > 40H 


The four electrons given up in the anode reaction are 
recombined at the cathode. These electrons are forced to 
pass through an external circuit (the load) in passing 
from the anode to the cathode, thus producing the work 
output of the cell. In addition, the hydroxyl ions in- 
volved in the reaction at the anode are replenished by 
the cathode reaction. These ions migrate through the 
electrolyte (potassium hydroxide in this case) from 
cathode to anode to complete the electrical circuit. 
Adding the anode and cathode chemical reactions 
yields the overall cell chemical reaction. It can be seen 
that the electrons and the hydroxyl ions from both reac- 
tions balance each other so that the overall reaction is 


2H. + O. > 2H.0 


What has taken place in the cell, then, is the electro- 
chemical combination of hydrogen and oxygen to form 
water, with the resultant direct production of electrical 
energy. The reaction is the same as if water were formed 
in a test tube by the familiar spark method. In the latter, 
however, the exothermic energy of reaction is given off 
as heat. In a fuel cell, this exothermic energy, minus 
the basic losses due to entropy change, is converted di- 
rectly into electrical energy. This direct conversion, which 
avoids the wasteful heat-to-electricity cycle, accounts 
partly for the high efficiencies obtainable from fuel cells. 

The other five types of fuel cells operate on the same 
principle, with differences only in specific details. The 
molten-salt fuel cell operates with an electrolyte com- 
posed of lithium, sodium, and potassium carbonate. It 
operates at high temperatures in order to keep the elec- 
trolyte molten, to increase the reaction rate, and can use 
carbon monoxide as a fuel. The redox fuel cell separates 
the chemical and electrochemical reactions. The fuel 
and oxidant regenerate the anodic and cathodic react- 
ants, which undergo the electrochemical reaction in a 
separate compartment. Many different kinds of fuels 
can be used—even coal—and air can be used as the 
oxidant. The consumable electrode cells use the fuel as 
the anode. For instance, a zinc plate can be continuously 
fed into the cell. Regenerative fuel cells convert forms 
of energy such as heat and solar energy into electricity 
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Fig. 3-— Schematic of a hydrogen-oxygen fuel cell. 


with high efficiencies. The primary example of a special 
type of cell is one which uses a solid ion-exchange mem- 
brane in place of a liquid electrolyte, eliminating the 
problems involved in dealing with liquids. 

The two principle attractive features of fuel cells are 
their high efficiencies and high power-to-weight and 
power-to-volume ratios. Fuel cells operate at energy 
efficiencies of from 60 to 80 per cent. This compares 
favorably to an efficiency of 40 per cent for the best coal- 
fired electrical power generating stations and 20 per 
cent for gasoline-powered internal combustion engines. 
The power-to-weight ratios for fuel cells range from 80 
watts/lb to a theoretical limit of 1800 watts/lb for one 
type of cell. A lead storage cell has a similar figure of 
10 watts/lb. 

The fuel cells under present development vary greatly 
in their electrical characteristics. For instance, the cur- 
rent densities of different cells vary from 20 to 400 
amp/sq ft, and the open-circuit voltage from 0.5 to 3.0 
volts. The individual cells will usually operate at be- 
tween 0.5 and 1.0 volt. 

Figures 4 through 9 are loading curves for systems 
using different fuel cells. Figure 4 is the curve for the 
National Carbon Co. hydrogen-oxygen fuel cell. The 
notable characteristic is that, from a current density 
of 20 ma/sq cm to a current density of 100 ma/sq cm, 
the voltage decrease is only 5 per cent. This alleviates 
regulation problems. 

The loading curve for the Bacon high-temperature, 
high-pressure cell is shown in Fig. 5. It should be noted 
that the current densities that can be produced with this 
cell are quite large. The fused-salt fuel-cell output shown 
in Fig. 6 is practically linear and will present a regula- 
tion problem. The loading curve for a cell operating with 
carbon monoxide as a fuel is shown in Fig. 7. The use 
of hydrocarbons as fuel may be possible with this kind 
of cell. The output characteristic of a redox type of fuel 
cell is shown in Fig. 8. It is hoped that a wide variety 
of fuels can be used in this kind of cell. However, the 
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Fig. 4— Voltage vs current density for a hydrogen-oxygen fuel 
cell. (Courtesy National Carbon Co.) 
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Fig. 5— Loading curve for a Bacon high-temperature, high- 
pressure cell. Cell has 10 in. diam (200 C, 400 psia, 37 per cent Fig. 6— Voltage vs current density for a fused-salt fuel cell 
KOH). operating at 750 C. 
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Fig. 7— Loading curve for a fuel cell operating with carbon 
monoxide as the fuel. 
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Fig. 8 — Output characteristic of a redox type of fuel cell (tin- 


ion-bromine). 
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Fig. 9— General characteristics of a fuel-cell loading curve, 
showing limiting characteristics. (Courtesy National Carbon 


Co.) 
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regulation problem for this particular curve is acute. 

Figure 9 demonstrates the general characteristics of a 
fuel-cell loading curve. Region A starts with the open- 
circuit voltage and drops rapidly until a flatter portion 
of the curve is reached. This drop is due mainly to acti- 
vation polarization and may be as large as several tenths 
of a volt or as small as 50 millivolts for different cells. 
A flatter portion of the curve, section B, follows as the 
current density increases. The voltage drop of this por- 
tion is caused by the internal resistance of the cell. As 
the current density increases still further, a rather sharp 
decrease in voltage occurs in which the cell becomes con- 
centration-polarized or current-limited. This is section C, 
and it is in this region that operation is inefficient. 

Figure 10 is the approximate equivalent circuit of a 
fuel cell when operating in section B of the characteristic 
curve, the usual operating mode. The resistance repre- 
sents the internal resistance of the cell due to the elec- 
trolyte, electrodes, leads, terminals, etc. The magnitude 
of this resistance is on the order of 1 to 0.1 milliohms/sq 
ft. If operation is required in region A or C, the resist- 
ance may be broken into two parts—one before the 
capacitor to include polarization effects, and one after 
the capacitor. The capacitance is due to the geometry 
of the cell and the time lag in the build-up of polariza- 
tion. It is a function of the plate effective area, porosity, 
and the composition and concentration of the electrolyte. 
The value of the capacitance is roughly 100 to 1000 
pf/sq ft. 

From the equivalent diagram, it can be seen that the 
transient behavior of a fuel cell is characterized by a 
high pulse-current capability. Thus the output of a fuel 
cell will readily lend itself to inversion to a-c. 

Between 60 and 100 organizations around the world 
are working on fuel-cell development. However, most 
cell types are still in the laboratory stage. The most ad- 
vanced fuel-cell concept is the hydrogen-oxygen type. 
Both the National Carbon Co. cell and the Bacon cell 
are in the prototype stage. 

Within five years, fuel cells should be commercially 
available in small quantities. In ten years, they should 
be available in large quantities. Their first commercial 
applications will be in fields where secondary batteries 
are presently in use—such as materials handling equip- 
ment, city delivery trucks, etc. In the long range, it is 
predicted that fuel cells will power automobiles, house- 
hold appliances, industrial plants, and electrochemical 
refining plants. Presently, fuel cells are being used in 
military applications and are being considered for some 
space missions. 


Thermoelectric Converters 


It has been known for many years that, if two dis- 
similar materials are joined at two junctions and if these 
junctions are maintained at different temperatures, an 
emf (and, consequently) a current will be produced.* 
The common thermocouple is a direct application of 
this effect, using dissimilar metal wires. 

The thermoelectric effect is shown pictorially in Fig. 11. 
Two dissimilar metals, for example, are connected at 
junctions J, and J,. Junction J, is at a higher temperature 
than J.. Assume that the emf, E,, produced at J, is 
higher than emf E., which is usually the case with com- 
mon thermocouple metals. A voltage difference, E,—E,, 


*See “Thermoelectric Effects,” R. P. 


Benedict, FEvcecrnicat, Manuracrunine, 
February 1960, p 103. 
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Approximate equivalent circuit of a fuel cell. 


Cold junction, 


Fig. 11 — Thermoelectric effect is illustrated by connecting two 
dissimilar metals with one junction at a higher temperature 
than the other. 


is then set up between the junctions. This voltage 
difference produces a current, /, 
through the load. 

The thermoelectric effect was discovered by Seebeck 
in 1822. Had he built a power generator then, he would 
have been able to produce power at a thermal efficiency 
of 3 per cent, which would have been better than the 
steam engines of his day. 

Individual thermoelectric generators produce low- 
voltage, low-wattage d-c power. However, the output 
voltage of a combination of these generators can be 
increased over their individual voltages by connecting 
them in series and the current and power outputs can be 
increased by connecting them in parallel. 

The energy efficiency of thermoelectric converters is 
rather low—about 10 per cent. A great deal of work is 
being done to improve this figure. Nevertheless, the 
devices can be used, even with their low efficiency, to 
produce power from heat which is normally disposed 
of as waste. For example, the Russians are producing 
thermoelectric generators which convert the waste heat 
from kerosene lanterns into electric power for radio 
transmitters and receivers. Another scheme being given 
consideration is to drive thermoelectric generators with 
the temperature gradients of the oceans, thus converting 
their vast heat content into electrical power. 

There are actually three basic thermoelectric effects: 

1. The Seebeck effect. This is the effect described 
above. It is utilized widely in measuring temperatures 
with thermocouples. It is being developed today to pro- 
duce power. 

2. The Peltier effect. Peltier, in 1834, discovered 
that if a current is passed through a thermocouple, one 
junction is heated and the other is cooled. This is illus- 


which flows as shown 
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trated in Fig. 12. The circuit is essentially the same as 
that in Fig. 11, except that the load has been replaced 
by a battery. The plus and minus signs indicate the 
normal relative potentials. The battery supplies a cur- 
rent which is made to flow against the normal emf of 
J, and with the normal emf of J.. Peltier found that, in 
the junction in which the current opposes the emf, heat 
is produced. Similarly, where the current flow parallels 
the emf, a cooling effect is produced. It should be noted 
here that, if the battery were reversed in polarity, the 
current would flow in the opposite direction and J, would 
be heated and J, would be cooled. The Peltier effect thus 
takes the form of a heat pump and is attracting great 
interest today for its use in that respect.* 

3. The Thomson effect. lf a single conductor is heated 
at one end and cooled at the other, an emf is developed 
along the conductor. 

The most important work now being carried out in 


Heot out 
_ 


Fig. 12 — Peltier cooling effect is illustrated using same circuit 
as in Fig. 11 with load replaced by a battery. 


Fig. 13 — Schematic diagram of a basic thermoelectric generator. 


Fig. 14 — Basic thermoelectric generator with materials cascaded 
to achieve more efficient performance. 


the design of thermoelectric devices is in the develop- 
ment of new materials and in ascertaining their proper- 
ties. The ideal thermoelectric material possesses three 
properties: 

1. High Seebeck coefficient (volts/deg K). This is essen- 
tial to producing a reasonable voltage for the applied 
temperature. 

2. Low electrical resistivity. The internal resistance of 
the device must be as low as possible so that only a small 
portion of the generated power is dissipated in the generator 
itself. 

3. Low thermal conductivi'y. The material must be cap- 
able of having a large temperature difference maintained 
across it without transferring too much heat from the heat 
source to the heat sink. Heat which is transferred from the 
source to the sink without producing electrical energy is 
wasted. 

The three material properties are combined im the 
so-called “figure of merit,” Z, which is defined as 

Z= S?/pk 
where 

S = Seebeck coefficient, volts/deg K 

p = electrical resistivity, ohm-cm 

k =thermal conductivity, watts/em/deg C 


The figure of merit, which has the dimensions of deg”, 
is the ratio of the maximum electrical energy produced 
to the thermal energy wasted by direct conduction from 
heat source to sink, all referred to the temperature differ- 
ence. It is desired that the figure of merit be as high as 
possible. 

To obtain a high figure of merit, there must be an 
optimum combination of the three factors involved. Un- 
fortunately, all three are functions of the electron mo- 
bility of the material. As the number of free electrons 
in a material increases, the Seebeck coefficient and the 
electrical resistivity decrease while the thermal conduc- 
tivity increases. Thus, the factors in the figure of merit 
are interrelated, and it is not easy to achieve a desirable 
value of one without affecting the others. 

Pure metals possess a low Seebeck coefficient, a low 
and a high thermal conductivity. 
The consequence is a low figure of merit—usually in the 
order of 10-*/deg K or less. Pure metals are therefore 
usually not considered in the search for thermoelectric 
materials. Insulators, on the other hand, possess a high 
Seebeck coefficient, a low thermal conductivity, and a 
low electrical resistivity, which again results in a low 
figure of merit. 

The answer lies in semiconductors, and it is in these 
materials that the best figures of merit are found. A 
specimen of bismuth telluride which has a figure of merit 
of 5 X 10° has been developed. It was also recently 
announced that a material had been developed with a 
figure of merit of 50 * 10°°. 

The comiconductors which have received the greatest 

id telluride, bismuth telluride, and cup- 
rous sulfide. However, a great deal of development is 
being carried on with the arsenides, silicides, antimonides, 
selenides, borides and nitrides of aluminum, lead, man- 
ganese, bismuth, gallium, copper, silver and many other 
elements. Special attention is being given to the doping 
of the materials to obtain a ternary material such as lead 
telluride selenide and to the alloying of various binary 
and ternary materials. It is clear, then, that a vast num- 


electrica! resistivity, 


*See ‘“‘Thermoelectric Refrigeration and Its Application,” R. S. Lackey and 
W. L. Wright, Evecrro-Tecano.ocy, January 1961, p 68. 
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Fig. 15—Characteristic curves of a thermo- 
electric generator, (Courtesy The Martin Co.) 


Sho 


ber of materials and combinations of materials is avail- 
able for possible use in thermoelectric converters. The 
problem now is one of finding the best materials and of 
finding a guide for the mixing of materials. 

Factors other than the figure of merit are involved in 
the selection of materials. Most important of these is 
efficiency, which is expressed 


(reo VST +1-1 ) 
n= —— : 
Pu VOT 4147 H/T 


+ 


where 
7, = absolute temperature of the cold junction 
T ,, = absolute temperature of the hot junction 


T = average temperature of the generator. 


The first factor on the right-hand side of the equation 
will be recognized as the Carnot-cycle efficiency, which 
is effective in any heat engine. Figure 13 shows a thermo- 
electric generator as a heat engine. Heat enters at 7, and 
is rejected at T,. In the n-type semiconductor material 
on the right, electrons migrate to the cold side, setting 
up a negative potential. The holes in the p-type material 
also migrate to the cold side, setting up a positive poten- 
tial. Connecting the two through a load completes the 
circuit. 

As in any engine subject to the Carnot-cycle limita- 
tion, it is desirable to work with the largest possible 
temperature difference. Thus, it is advantageous to use 
materials able to withstand high temperatures. This in- 
troduces other problems in the selection of materials, 
such as melting point, transition temperature, vapor 
pressure, oxidation resistance, etc. For this reason, some 
refractory materials are being studied for use in thermo- 
electric generators. 

Another point to be considered is that different semi- 
conductor materials have optimum figures of merit at 
different temperature ranges. To produce devices with 
optimum performance at high temperature differences, 
it is important to make the devices out of cascaded ma- 
terials as shown in Fig. 14, where the subscripts on the 
p and n sections represent different materials. 

The typical efficiency of thermoelectric devices being 
developed today is about 5 per cent. Theoretically, they 
are capable of efficiencies of 17 or 18 per cent, but 
thermal losses reduce the figure. Estimates of ultimate 
efficiencies range from 20 to 35 per cent. This figure 
may appear to be small, but if we consider that thermo- 
electric devices can be used in conjunction with nuclear 
reactors, the overall thermal efficiency of the system 
could be improved considerably. 

The output of a thermoelectric generator is d-c power. 
The characteristic curves of a typical device are shown in 
Fig. 15. It can be seen that the output voltage decreases 
almost linearly with increasing current. This is due to 
the fact that the static internal impedance is almost purely 
resistive. It is composed of two parts: the internal re- 


Fig. 16—Temperature differences across a thermo- 
electric generator. (Courtesy The Martin Co.) 
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sistance and a Peltier cooling “resistance.” The internal 
resistance of the device is relatively constant, as shown 
in the figure. 

Figure 16 shows the decrease in temperature difference 
across the device due to Peltier cooling of the hot junction 
when current is drawn. It can be seen that the effect of 
the cooling is to reduce the temperature difference across 
the device almost linearly with load. Since the output 
voltage is directly proportional to the temperature dif- 
ference. the cooling causes a practically linear drop in 
output voltage with increasing load. The cooling also acts 
as a resistance in addition to the internal resistance. The 
linear shape of the curve shows that regulators are re- 
quired to supply variable loads. 

The figure of merit also has some effect on the shape 
of the output characteristic, since it changes with tem- 


Fig. 17 — Figure of merit vs temperature for a typical thermo- 
electric generator. 
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Fig. 18— Cutaway drawing of 125-watt System for Nuclear 
Auxiliary Power (SNAP-IA) developed by The Martin Co. 


perature. As the temperature of the junction increases, 
the figure of merit of the material increases. At a point, 
however, it reaches a maximum and then begins to 
decrease. This is shown in Fig. 17. An increase in the 
figure of merit increases the efficiency and the output 
voltage, while a decrease has the opposite effect. It is 
important, therefore, that the device be designed to oper- 
ate on the proper portion of the curve in Fig. 17. Since 
the hot-junction temperature decreases with increasing 
load, it would be desirable to operate in the region be- 
tween the two dotted lines in the figure. The no-load 
point is past the maximum of the curve. Thus, when cur- 
rent is drawn and the hot-junction temperature decreases, 
the figure of merit and, therefore, the efficiency increase. 

The dynamic impedance of thermoelectric devices is 
approximately the same as the static impedance. There 
is a capacitance which acts across the output of the device, 
but it is small. 

The development of thermoelectric devices has not, as 
yel, progressed very far. Major efforts are being ex- 
pended, however, and new devices are announced regu- 
larly. Progress has been rapid in the last few years. As 
recently as 1956, efficiencies of only 0.1 per cent were 
the best that could be obtained. Research is being carried 
on around the country, largely co-ordinated and sup- 
ported by the Naval Research Laboratory. General Elec- 
tric and Westinghouse have large development programs, 
as do Martin, Minnesota Mining and Manufacturing, 
General Instrument, and Transitron. Westinghouse has 
built a 5-kw propane-fired generator for the Navy. The 
n-type leg is lead telluride and the p-type is a combina- 
tion of zinc antimonide and germanium bismuth telluride. 
Its efficiency is 4.8 per cent and it can produce almost 
6 kw. Martin and Minnesota Mining have developed de- 
vices for the Atomic Energy Commission which produce 
electricity using nuclear decay as the heat source. One 
of these, the SNAP III device, produced 5.4 watts output 
with 5.5 per cent efficiency and weighed 5 lb. SNAP IA 
(Fig. 18), which will deliver 125 watts regulated at 28 
volts, and SNAP X, which will produce 300 watts at 
12 per cent efficiency, are being developed for the AEC 
by the Martin Co. General Instrument Co. has produced 
a 5-watt propane-fired generator and Transitron has made 
a 10-watt device with an efficiency of from 6 to 8 per cent. 
General Atomics has developed a thermoelectric genera- 
tor powered by solar energy for space use. It is 3.8 
per cent efficient, has a power density of 4.7 watts/sq 
ft, and a power-to-weight ratio of 61 watts/|lb. 

A great deal of work is being done in integrating 
thermoelectric generators into nuclear reactor systems 
to produce electricity directly from a nuclear reactor. 
In the power range from 1 to 1000 watts, isotope thermo- 
electric units appear to be promising. In the range from 
1 to 100 kw, a water-cooled reactor system is being 
studied, and in the range from 100 kw to 10 megawatts, 
a boiling-water, thermoelectric generator study is meet- 
ing with encouraging early results. Ultimately, it is 
hoped that 20 megawatts at an efficiency of 35 per cent 
and a power density of 100 watts per lb can be obtained. 

O00 


Editor's Note: The author has received information for use in 
this article from many sources. His, and our, thanks to them will 
be expressed at the conclusion of the second part. An acknowl- 
edgement should be made here, however, to Mr. Mark Schindler, 
of LT.&T., Industrial Products Division, who supplied the in- 
formation about the electrical output characteristics in this part. 
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Through use of a system which involves 
a tachometer generator and a precise refer- 
ence frequency, a three-phase a-c current 


instead of d-c is applied to the rotating 


field of the alternator that exactly modu- 


lates the speed-dependent frequency to 


equal the reference frequency. 


WILBUR ROSS APPLEMAN* 

Engineering Manager, Power Systems Dept. 

Hatcamore Execrronics Div., THE SiecLer CorpPoRATION 
Anaheim, California 


GENERATION OF constant frequency virtually independent 
of speed is provided by a totally new approach to syn- 
chronous alternator design. In a nornial synchronous 
alternator, a rotating field established by d-c excitation 
of salient poles produces alternating current with a fre- 
quency proportional to the rotor speed and to the num- 
ber of poles. The variable-speed, constant-frequency 
alternator developed by The Siegler Corporation’s Halla- 
more Electronics Division incorporates an a-c excited 
rotor and a system that supplies an exact “make-up” 
frequency to match a reference frequency regardless of 
variation in speed of the prime mover. 


* Now Chief Engineer, The Leland Ohio Electric Co., Dayton 1, Ohio. 
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Rotating elements of 37.5-kva 400-cycle 
variable-speed, constant-frequency (VAS- 
COF) alternator. Controls are housed in 
a vertical console. 


When a non-salient pole rotor is excited with poly- 
phase alternating current, a revolving field is set up 
which increases or decreases (depending on its phase 
sequence) the alternator output frequency by an amount 
equal to the frequency of the revolving field. The new 
alternator system is designed so that this rotor fre- 
quency is the exact difference between what would be 
produced by a conventional d-c field at the actual operat- 
ing speed and the design frequency at synchronous speed. 
By adding or subtracting this frequency as required, 
the output is a constant frequency independent of rotor 
or prime mover speed. 

The main alternator has a rotating field with a dis- 
tributed winding in both the stator armature and the 
rotor. The number of slots, winding distribution and 
skew are selected to give a low harmonic content in the 
output wave. On the rotor shaft is a small tachometer 
generator of the same number of poles as the main 
alternator, but with its rotating field excited by direct 
current. Its output frequency is proportional to shaft 
speed and is compared to a highly accurate constant- 
frequency source used as a reference. The difference in 
frequency is the “make-up” frequency required in the 
alternator field to give the desired output frequency, 
which can be held within +0.001 per cent. 

In order to provide adequate excitation for the rotating 
machinery, the make-up signal is amplified. Output volt- 
age is regulated by controlling the amplitude of the 
make-up signal. Power of the alternator in a parallel 
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system is controlled by the phase angle of the make-up 
signal. Feedback and compensation circuits are employed 
to insure that all these control functions are independent 
of shaft speed. These control functions are performed by 
transistor circuits located in a control console. 

For small kva ratings operating within narrow speed 
ranges, the control signals feed directly into the rotating 
field of the main alternator. For larger ratings, the con- 
trol signals are first fed to rotating amplifiers or exciters, 
similar to d-c rotating armature generators. The exciter 
fields are energized with alternating current of make-up 
frequency, so their design must accommodate the com- 
mutation of current at this a-c frequency without intro- 
ducing excessive harmonics or noise. 

The ratating components of the variable-speed, con- 
stant-frequency alternator are shown in cross-section in 
Fig. 1 and the complete system is shown in block dia- 
gram form in Fig. 2. The compensating means consist 
largely of feedback circuit elements that serve a dual 
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t 
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vO tage 
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Fig. 2—Block diagram of variable-speed, constant-frequency 
alternator system for constant regulated voltage output at 
constant full-load output, regardless of prime-mover speed. 
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Cross-section of rotating elements of 37.5-kva 400-eycle VASCOF alternator. 


function. They modify the effective time constant of the 
alternator field and provide a two-way channel for the 
flow of power generated in this field when the speed is 
other than synchronous. The magnitude and direction of 
this flow of power varies with speed. Below synchronous 
speed, mechanical power flows through the shaft to the 
exciter armature, thence as electrical power to the alter- 
nator field, where it combines with power generated by 
the alternator to help supply the load. As the speed in- 
creases, the rotor power interchange decreases to zero 
at synchronous speed. Above synchronous speed, the rotor 
power reverses, and electrical energy from the alternator 
field flows back into the exciter, where it is recovered 
as mechanical energy to help drive the alternator. 

Basically, the exciter and alternator fields supply the 
excitation for the revolving field in the alternator rotor, 
and this aspect of the design had to be dealt with inde- 
pendently. This was necessary in order to devise suitable 
compensating means to make possible a system which 
would be operable over any but a very small speed range. 

The control point of the basic precision power unit is 
at e,, the input to the frequency comparator (Fig. 2). 
Consequently: 


1. The torque developed on the alternator shaft varies 
with the phase angle of the voltage e, with respect to the 
phase angle of the terminal voltage. 

2. The magnitude of the voltage e, 
tude of the terminal voltage. 


controls the magni- 


The control point of an ordinary synchronous machine 
is the mechanical position of the rotor with respect to 
the revolving magnetic field. The advantages gained by 
transferring the control point from the rotor shaft to 
the input of the frequency comparator are: 


1, The control function is independent of the shaft angle 
or shaft speed. 

2. The speed of response to step changes is many times 
faster because the effect of rotor inertia on the control 
signals and control elements is eliminated. Thus, electronic 
elements of low power level may be used. 


One application in which these characteristics are im- 
portant is critical standby-power equipment for maintain- 
ing uninterrupted power during line-power failure. Such 
an application may make use of a synchronous alternator 
driven by a diesel engine which is started in the event 
of power failure. Generally, a battery-operated starting 
motor is used, and the diesel has a heavy flywheel to 
eliminate flutter in frequency. Time delay in starting is 
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inherent in such a system, and governed frequency is 
not generated until full speed is attained. 

When a precision alternator of the type described is 
employed, the high speed of response causes the voltage 
output to reach its normal value in a much shorter time 
than that required by a synchronous alternator. The 
addition of an induction or synchronous motor to this 
set permits upgrading line-frequency tolerance during 
normal operation. 

Another application in which high speed of response 
is beneficial is in transmitting power in the form of 
pulses. While the time constant of a standard synchron- 
ous generator may prevent the voltage regulator from 
performing its function during the pulse, the faster-acting, 
compensated synchronous-flux machine may handle it 
readily. 

In many ways, the variable-speed, constant-frequency 
alternator resembles a wound-rotor induction motor. Use 
of normal induction-motor design procedures for control 
of harmonics, however, may not give an alternator wave- 
form of good quality. By suitable slot selections, winding 
distribution, balanced windings, proper skew and other 
factors, it is possible to design for a very high quality 
waveform without adding to manufacturing costs. Figure 
3 shows the waveform of the first 37.5-kva alternator 
built. These waveforms will be further improved by slight 
changes in the windings. 

The exciters are also being subjected to a careful study. 
Normal d-c design procedure did not give satisfactory 
commutation or noise-to-signal ratio when handling 
a-c, especially at make-up frequencies of 40 cycles 
and above. It is necessary to handle not only the normal 
commutation problems met in d-c design, but also trans- 
former voltages caused by the commutated a-c field 
excitation. It is necessary to consider also such factors 
as pole arc, interpoles, compensating windings, slot 
openings and skew to reduce ripple and noise genera- 
tion, particularly since the noise is amplified by the 
compensating circuits. It must either be reduced by 
improved design or overcome by use of excessively larger 
exciters and amplifiers. This latter method is subject to 
obvious disadvantages such as higher cost. 


Consideration of the characteristics of d-c machines 


voltage at 
power-factor 


(a) Line-to-line voltage at 30- (b) Line-to-line 
kw, unity power-factor load. 37.5-kva, 0.8 
lagging load. 


indicates that a greater percentage speed range can be 
accommodated on 60-cycle power than on 400-cycle power. 
Commutation and noise-generation problems are less 
severe. Exciter gain is higher at low excitation frequen- 
cies and is maximum at d-c excitation. Inserting a coarse 
constant-speed drive in the 400-cycle system is one way 
of simplifying these problems. 

Although this system was developed for variable-speed, 
constant-frequency application, if the frequency refer- 
ence is made adjustable, the system becomes an adjust- 
able frequency unit independent of speed. 

Other applications for the alternator system include: 


1, Laboratory test equipment. 

2. Motor-generator sets for gun fire control and interior 
communications aboard naval vessels, especially where pre- 
cise frequency control is needed. 

3. Single-frequency power supplies for testing auto-pilots, 
for maintenance of operational dependability. 

4. Motor-generator sets for driving groups of motors in 
the production of synthetic fiber where speed regulation of 
0.1 to 0.01 per cent is required. 

5. Emergency standby power supply for the orderly 
shutdown of synthetic-fiber production equipment. 

6. Upgrading of small m-g sets (5 kva) to give the armed 
services greater logistic simplicity and the possibility of 
paralleling smaller units when the relatively scarce larger 
units are not available. 

7. Portable precise power supplies for mobile test and 
repair laboratories. 

8. Variable frequency for shaker tables. 

9, Variable frequency to supply power to a number of 
motors so speed of entire group can be varied simultaneously. 

10. Programmed dynamometer tests. 

11. Variable-frequency supply for sonar equipment. 

12. Remote power supply. 


Development work is being conducted on this basic 
machine design for different types of motor drives. Ana- 
lytical studies reveal the practicality of achieving many 
unusual and important motor operating characteristics 
such as: constant horsepower (independent of speed), 
with horsepower adjustable; constant torque (indepen- 
dent of speed), with torque adjustable or directly con- 
trollable; and synchronous operation (independent of 
line frequency), with the synchronous speed adjustable 
or directly controllable. O00 


(d) Line-to-neutral voltage at 
37.5-kva, 0.8 power-factor lag- 


(c) Line-to-neutral voltage at 
30-kw, unity power - factor 
load. (Measured harmonic ging load. (Measured harm- 
content: 2.20% third harm- onic content: 3.00% third 
onic, 2.22% rms total.) harmonic, 3.04% rms total.) 


Fig. 3—Typical waveforms of present winding design of 37.5-kva VASCOF alternator. 
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Design of 


Reversible Magnetic 
Shift Registers 


The shift register is one of the major basic 
elements of any digital computational sys- 
tem. Using transistors as gating switches, 
the design described here provides a rever- 
sible shift which has a low power consump- 
tion and can operate at a repetition rate of 
50 ke. Applications of such registers can be 
extended to a matrix where information can 
be shifted not only right and left. but also 


up and down. 


ROLAND YII, Project Manager 
Research Center 

BuRROUGHS CORPORATION 

Paoli, Pennsylvania 


LEON MINTZ, Chief Development Engineer 
Control Instrument Co. 

BurroucHs Corporation 

Brooklyn, New York 
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Fig. 2—Basic reverse-shift circuit, 


IN DISCUSSING THE PRINCIPLES of operation of a reversible 
shift register, it is convenient to describe first a “forward” 
shift circuit, then a “reverse” shift circuit, and then com- 
bine the two. A basic forward shift circuit is shown in 
Fig. 1. 

To understand the circuit, it is necessary to assume 
originally that a “one” is stored in core No. 1 and a 
“zero” in core No. 2. (The “one” and the “zero” are the 
two familiar logic states usually associated with digital 
computational circuits.) To shift the “one” from left to 
right, or from core No. 1 to core No. 2, two simultane- 
ous pulses must be applied. One pulse is the advance, or 
shift, pulse which is a constant-current pulse, sufficient 
in amplitude and duration to switch the magnetization of 
the cores. The second pulse is a constant-voltage pulse 
sufficient to block or cut off the transistor. While the 
advance pulse switches core No. 1 from “one” to “zero,” 
the blocking pulse cuts the transistor off. The induced 
voltage across the output winding NV, of core No. 1 biases 
diode D, in the forward direction and places a charge on 
capacitor C. The charging process ends when core No. 1 
is completely switched. The diode is reverse biased after 
the induced voltage across N, drops. As long as the 
transistor is cut off, the charge, which is stored on the 
capacitor, cannot leak off. 

During (and right after) the recovery time of the 
blocking pulse, the positive voltage, E,, causes the trans- 


Fig. 1—Basic forward-shift circuit. 
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istor to saturate. When the transistor is saturated, its 
collector voltage is approximately at ground potential, 
so that the capacitor discharges through the input wind- 
ing N, of core No. 2. This switches core No. 2 on. The 
forward shift is thus completed. After the capacitor is 
completely discharged, the transistor has no more col- 
lector bias and acts simply as two diodes in parallel. The 
collector junction, however, cannot conduct any current 
because of the blocking action of diode D.. There is thus 
only base-emitter current. 

The important feature of this circuit is that, when 
the shift pulse switches core No. 1 from “one” to “zero,” 
the capacitor is charging. During that time, the second 
loop of the circuit can be considered open because the 
transistor is cut off. Diode D, prevents the capacitor 
from becoming charged in the reverse direction if core 
No. 1 is switched from “zero” to “one.” The diode also 
prevents voltage stored in the capacitor from switching 
core No. 1 from “zero” to “one” after the shift pulse is 
gone. The delay due to the capacitor storage allows the 
advance pulse to clear core No. 2 before shifting the 
“one” in if there is a “one” already stored in core No. 2. 

A reverse shift circuit is shown in Fig. 2. Here a 
p-n-p transistor is used instead of an n-p-n. The polarity 
of the advance pulse is the same as before, but the polarity 
of the blocking pulse is reversed. Assuming that there is 
a “one” stored in core No. 2, the advance pulse switches 
it to “zero.” The capacitor has now been negatively 
charged through diode D., which is forward biased. At 
the same time, since the p-n-p transistor is cut off, the 
charge stored on the capacitor cannot leak off until the 
blocking pulse is gone. The charge stored on the capacitor 
switches core No. 1 to “one” after the blocking pulse 
terminates. 

A p-n-p transistor with its collector grounded can be 
used in the forward shift circuit, provided the polarity 
of the bias voltage on the base is reversed. Similarly, 
an n-p-n with grounded collector can be used in the 
reverse shift circuit. 

Reversible Shift. A basic two-way shift circuit can 
be constructed by combining the two circuits just de- 
scribed. This circuit, shown in Fig. 3, can be made to 
shift either one way or the other by reversing the polarity 
of the blocking pulse applied at point A. We will assume 
first that “ones” are stored in both cores. A negative 
blocking pulse at point A cuts transistor Q, off and at 
the same time causes (), to saturate. The induced voltage 
across winding NV, due to the advance pulse can easily 
send current through Q,, since it is saturated. In addi- 
tion, capacitor C is charged positively. The charge is 
stored there as long as the blocking pulse is present. 
The decay of the blocking pulse allows core No. 2 to be 
switched back to “one” by the charge stored on the 
capacitor. The “one” that was initially stored in core 
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No. 2 had been switched to “zero” by the advance pulse. 
The voltage induced in winding N. by the switching had 
no effect on the capacitor, since Q. was cut off. If a posi- 
tive blocking pulse is applied to point A along with an 
advance pulse, the direction of shifting is reversed. The 
principle of operation remains the same. 

The circuit in Fig. 4 shows how two transistors can 
be shared by several shift stages. The maximum collector- 
current ratings of the transistors determine the number 
of stages which can share the same transistors. When a 
transistor is saturated, the collector current is determined 
by the diffusion of the minority carriers in the base 
region and is a function of the degree of saturation. One 
must be sure that the total current required for charging 
or discharging of the capacitors is less than the total 
available collector current. If not, the capacitors will not 
charge up to the proper values, and partial switching 
of the cores may result. 

It is also possible to use two p-n-p or two n-p-n trans- 


G) Advance pulse 


Core No.2 


Core No. | 


Fig. 3A single reversible shift register. 


Fig. 4—Shift register circuit showing sharing of transistors by 
several stages. 
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istors instead of one of each for the reversible shift 
circuit. The basic circuit using two p-n-p units is shown 
in Fig. 5. This circuit has proved to be the most efficient 
due to the superiority of present commercial p-n-p types. 
If a positive blocking pulse is applied at point B in Fig. 
5, the stored information is shifted forward. If a positive 
pulse ig applied at point A, the shift is in the reverse 
direction. In either case, the transistor which is not cut 
off should have sufficient base current for saturation. 

So far, we have stated merely that the advance and 
blocking pulses must occur simultaneously. Actually, this 
condition is not sufficient for proper operation of the 
circuit. The blocking transistor should be already cut 
off when the advance pulse is applied, and the cut-off 
pulse should terminate at the same time as, or later than, 
the termination of the advance pulse. Thus, the most 
reliable operation is achieved when the pulses are 
bracketed, with the advance pulse occuring within the 
blocking pulse. 

Design Equations. The shift of information in the 
basic circuit shown in Fig. 1 can be analyzed by con- 
sidering the operation of the circuit in two steps: 


1. The charging of the capacitor when the advance pulse 
is applied. This occurs in a loop whose current is desig- 
nated i,(t). 

2. The discharging of the capacitor through the input 
winding of the following core. This occurs in a loop whose 
current is i,(t). 


Considering the first step, the first loop may be simp- 
lified to that shown in Fig. 6(a) since the transistor is 
cut off and there is no current in the second loop. (The 
forward drop of the diode is considered negligible.) Con- 
sidering core No. 1 as a transformer, the capacitor can 
be referred to the primary as shown in Fig. 6(b). The 
value of the capacitor is then 


’ N, : - 
Cc. = 
.=(Byc 


The voltage across the primary winding is 


iF 
v(t) = C,! 
Since the current flowing into the capacitor is assumed 
to be constant, the voltage waveform is a ramp function. 
The voltage drops rapidly after the core is switched 
since a saturated core can no longer be considered to be 
a transformer. 


Blocking 
pulse 
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The state of flux as a function of time during the 
switching can be written 


t t 
l : l I. 
¢() = N, / va(idt = v, [ G, tt 


I, 
= site 
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It is assumed that the squareness ratio of the core 1s 
unity. Then, letting the total flux between two remanent 
points be noted by ®, the switching time can be cal- 
culated from the following equation: 

2N.C 20 

2N,C.@ 2b Q) 


L.'s ko: te 


where 7’, is the switching time of core No. 1. The induced 
voltage, v.(¢), across the actual capacitor is 


de — Nala 


a 2) 
a N,C , ( 


r(t) = N 
The peak voltage which can be accumulated across the 
capacitor is 


Substituting Eq (1) in 


2Nal a? 


/ =e 


The energy stored in the capacitor is then 


lov, = Nele® (5) 


Equation (5) indicates that any amount of energy can 
be stored in the capacitor merely by increasing the 
ampere-turns of the advance winding. It is also inter- 
esting to note that, under ideal conditions, the energy 
which can be stored is independent of the number of 
turns of the output winding. From Eq (1), it is also 
evident that the switching time is directly proportional 
to N,. 

Core Switching by a Discharging Capacitor. 
It is rather difficult to write an analytical expression for 
the second loop where the energy stored in the capacitor 
is used to switch the core. A semi-empirical method must 
be used. The actual circuit and the equivalent circuit are 
shown in Fig. 7. The equivalent circuit may be simplified 


a 
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Fig. 6—Circuit for charging capacitor (a), and equivalent 
circuit with capacitor in input circuit (b). 


Fig. 5—Reversible shift register using two p-n-p transistors. 


ELECTRO-TECHNOLOGY 





even further by assuming that r,, the resistance of the 
drive-pulse circuit, and r,, the inverse resistance of the 
output diode D,, are so high that they can be considered 
to be open circuits. In general, the forward voltage drop, 
V,, of the diode and the drop across the blocking trans- 
istor, V,, are negligible compared to the practical value 
of the voltage across the capacitor, V ¢»(min). The equiva- 
lent circuit is thus reduced to the simple switching of a 
core with a charged capacitor. 

The observed waveform of a_ discharging 
capacitor is approximately linear and may be assumed 
to be a linear decay, especially when the energy stored 
in the capacitor is near the minimum required for a 
specified switching time. A linear decay implies that the 
discharging current may be considered to be a constant. 


voltage 


The energy necessary to be stored in the capacitor for 
switching a core within a specified switching time, T>, 
can be determined from curves specially constructed 


for this purpose.* Since 


Bs Aah 
e(T2) = = CV-p¢miny 


the value of C can be calculated if Vep¢miny is known. 
In order to determine the value of Vey ;min), the follow- 
ing expression is helpful. Since 


r 1 
No} = eodl ‘ J p(min T: 


then 


For moderate switching speeds, an arbitrary value of N, 
the number of turns which should be the same for both 
N, and N, for a reversible shift register, can be picked 
within a certain range. But for fast switching, the number 
of turns should be reduced in order to increase the 
initial switching current. An empirical set-up is helpful 
at this point. 

Input Energy Requirements. The assumption that 
magnetization current is negligible introduces an appre- 
ciable error into the design of these circuits. To correct 
this, the characteristic curve of the switching core can 
be used to yield useful information. The input energy 
is equal to the sum of the energy dissipated in the core 
during switching and the energy transferred through the 
ideal transformer. For a given 7,, the energy dissipated 
in the core can be found from the characteristic curve 
of energy vs switching time which was previously re- 
ferred to. The transferred energy is calculated upon the 
assumption that the core can be considered as an ideal 
transformer, as described above. Therefore, the required 
input energy is 

Nil® = (T) + NL 
= Ni maveyP + Nila? 


where / is the total current. The average magnetizing 


current is then 


e(T) 
Emcave) Vib 


The design procedure can then be carried out by 
assuming first that the core loss is negligible and then, 


*See “Characteristic Curve of a Magnetic Switching Core,” 
Evecrro-TrecunoLocy, December 1960, p 202. 
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Fig. 7—Cireuit for discharging of capacitor (a), and equiva- 
lent (b). 


Fig. 8 


Voltage waveform across capacitor for normal operation. 


he 7 


Fig. 9 
of operation. 


Voltage waveform across capacitor for maximum speed 


after calculating the input current necessary for switch- 
ing, adding the amount of J, ,,.<) as determined above. 

Waveforms. The voltage waveform across the ca- 
pacitor under normal operating conditions is shown in Fig. 
8. In the figure, 7 is the operating period of the register, 
To is the width of the blocking pulse, 7, is the time 
between pulses, and 7, and 7, are the switching times 
of the two cores. 

For maximum speed of operation, the blocking pulse 
width can be made to equal 7, and 7, can be reduced 
to approximately zero. Under these conditions, the wave- 
form across the capacitor is as shown in Fig. 9. The 
sum of 7, and 7. determines the operational maximum 
speed at which the register is able to operate. OOO 
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Mechanics of 


Electrical-Contact Failure Caused by 


Surface Contamination 


Results of a study based primarily on minia- 
ture and subminiature sealed relays reveals 
nature and effects of metallic and organic 
contaminants and describes methods of con- 
trol of contamination through choice of 


materials and processes. 


SAUL W. CHAIKIN 
STaNForp ResearcH INSTITUTE 
Menlo Park, California 


RELAYS, potentiometers, commutators, and cable connectors 
are examples of connecting devices in which contact con- 
tamination can cause excessive resistance and, from this, 
failure. The problem is intensified by the growing use of 
equipment that must operate dependably at a low signal 
level or after lengthy storage periods. 

To develop better understanding of the contamination 
mechanism, a research project was sponsored at Stanford 
Research Institute.* The practical aim was to learn the 
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Enclosure 
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sources of obscure kinds of contact contamination so that 
they could be avoided in the manufacture of connecting 
devices, particularly sealed relays. This report details the 
sequence of the study and summarizes its more important 
results. 

Initial effort was directed at obtaining a comprehensive 
picture of contact failure in sealed miniature relays. Inten- 
sive analysis of a number of relays showing high contact 
resistance (in excess of 500 ohms) was carried out. Tech- 
niques included: (1) puncturing the can and analyzing 
gases in the relay enclosure with the mass spectrometer 
(see accompanying table), (2) dismantling the relay and 
making a careful microscopic examination of the contact 
surfaces and all other interior parts, and (3) studying the 
contact surfaces with three special tools—chemically sensi- 
tized test paper for detecting the base metals iron and 
copper (Fig. 1), plastic replicas for removing and studying 
contact deposits under the microscope, and a fine-wire probe 
for exploring surface resistance on the contact. 

In this part of the study, a variety of identifiable particles 
were shown to be major contaminants, but it was also 
shown that the source of some contact failures was more 
obscure. The contacts involved in these failures usually 
were contaminated with infinitesimal amounts of dark de- 
posits and traces of base metals. Also, traces of hydro- 
carbon vapors were found in the relay enclosures sampled. 


Contact Contamination with Base Metals 


During manufacture of a contact and its subsequent in- 
corporation into a relay, there are many times when the 
contact surface touches base metal: when it is fabricated 
with ferrous metal tools, adjusted with a ferrous jig or 
spacer, attached with a copper welding fixture, or when 
it touches the copper spring of an adjacent contact assembly 
in a parts box. Whenever this occurs, there is a possibility 
of transfer of invisible quantities of metal, resulting in 
contamination of the contact surface. Such base-metal con- 
tamination is a potential cause of high contact resistance. 
It is significant that most commercial contact-cleaning opera- 
tions are not designed for removal of base metals and their 
oxides. 

In order to determine the extent of base-metal contamina- 
tion, contacts from a number of relays were studied. Nine 
miniature and microminiature relays from six manufacturers 
were opened, and 30 of the contacts were tested with sensi- 
tized paper for surface iron and copper.* Twenty of the 
contacts gave a positive test for iron and five a positive 
test for copper. It was found that iron and copper deposits 


* “Electrical Probe Apparatus for Detection of Surface Films,” 


Review of 
Scientific Instruments (to be published) . 
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always coincided with areas of high contact resistance. 
However, there were other high-resistance deposits that were 
more extensive. 


Organic Contamination 


Gases evolved by some organic insulations are believed 
to react with contact metals to produce a nonconducting 
deposit on the contact surfaces. This phenomenon was studied 
intensively in the following series of experiments: (1) 
measurement of weight loss of a variety of insulating ma- 
terials at elevated temperatures, (2) exposure of laboratory- 
cleaned contact metals to various controlled organic en- 
vironments and measurement of spontaneously produced 
polymer film, and (3) investigation of polymer generated 
by contact metals rubbing together in an organic environ- 
ment. 

1. Weight-Loss Measurements. Measurement of insulation 
weight loss, particularly at elevated temperatures, was 
thought to be important in predicting the outgassing sta- 
bility of insulating materials, and as a guide to an optimum 
bake-out schedule in preparing insulator parts. However, as 
the work progressed, it was found that all organic insulating 
material except Teflon fluorocarbon (TFE) underwent de- 
tectable weight loss at the highest test temperature (160 C), 
which was continuous for periods up to 600 hr. At lower 
temperatures, some materials appeared to reach a plateau 
in weight loss. It was also found, in other experiments, that 
minute outgassing, even from TFE, could produce frictional 
polymer on rubbing contacts. Thus, the steady outgassing 
of organic insulators and the sensitivity of the contact con- 
tamination reaction precluded use of any organic at 160 C, 
if organic contact deposits were to be avoided. 

Periodic measurements were made of the weight loss of 
several insulating materials at 100 C, 125 C and 160 C in 
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air (thus including oxidation effects) and in nitrogen. 
The 160 C temperature was included because it represents 
the temperature attained in a continuously energized relay 
operating at a rated temperature of 125 C. Air was included 
because some relays contain air either intentionally or as 
a contaminant. A typical set of curves is given in Fig. 2. 
In addition to unfilled nylon and silicone-glass, the following 
materials were tested at the three temperatures: phenolic- 
paper laminate (Grade XXXP), epoxy-glass laminate, TFE, 
and Kel-F. Other materials were studied at only one tem- 
perature, 160 C, in an air environment for 600 hr. These 
included several high-temperature epoxy and dially] phthalate 
(DAP) formulations, silicone-rubber electrical sleeving, 
Lexan polycarbonate, Mylar tape, and Mylar tape with 
adhesive. There were, of course, considerable differences in 
weight loss among the materials. Materials that were the 
most stable (after bakeout for 20 hr at 160 C in nitrogen) 
were Kel-F, some of the high-temperature-molding epoxies, 
a high-temperature DAP, and Lexan. It is believed likely, 
however, that even the minute outgassing that occurs with 
these materials would form insulating deposits on contacts 
in sealed relays, judging from other work with Kel-F, spe- 
cifically, and pure hydrocarbons, in general. 

Weight-loss tests with a variety of organic-insulated mag- 
net wires in nitrogen at 160 C gave results similar to those 
described for pure insulating materials. All the wires lost 
weight in varying amounts, whereas there was no detectable 
weight loss from TFE-insulated magnet wire. Polymer types 
studied included (in approximate order of increasing loss 
in weight): TFE, polyester, epoxy, cellulose acetate, Form- 
var, polyurethane, and silicone. 

Special experiments designed to explore outgassing of TFE 
(bulk form) were undertaken with a microchemical method 
for fluoride determination and with the mass spectrometer. 
Inconclusive evidence was obtained, suggesting that in- 


Fig. 1—Dark areas on sensitized test paper pressed against 
gold-alloy contact surface show the presence of iron around 
rim of contact. This iron contamination could come from a 


ferrous tool used in forming or attaching the %-in. diam contact. 
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kig. 2—Weight loss on heating unfilled nylon and silicone-glass 
laminate in air. Nylon appears to be stable up to 125 C, while 
silicone-glass slowly but steadily loses weight even at 100 C. 
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Fig. 3--Chart record from clean palladium contact (the negative 
pulses on the chart indicate brief periods when the probe was 
staiionary—the resistance during these periods is not included 
in the integrator value shown on the chart). 


Fig. 4—Chart record from contaminated palladium contact. 
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Fig. 5—Electron microscope two-stage replica method. 
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finitesimal outgassing (rate of less than 10°" per cent/hr) 
occurred when the TFE stood at 60 C for one week. TFE- 
insulated magnet wire, however, gave more definite evidence 
of outgassing; the rate of fluorocarbon evolution at room 
temperature was approximately 0.6 X 10-* per cent/hr. The 
significance of such low orders of gas emission is not known. 
Calculations show that if reaction of the offgases with con- 
tacts occurred with high efficiency, significant insulating 
films might form. Other, more direct, experiments suggest 
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that higher temperatures would cause TFE offgases to pro- 
duce detectable deposits on contacts. 

2. Spontaneous Organic Contamination. The designation 
“static polymer” is given to the organic deposit which forms 
spontaneously on contact metals in the presence of organic 
vapors. This term is in contrast to that of “frictional poly- 
mer,” (1)* which is the brown or black powder produced 
when an active metal (particularly from the platinum family ) 
is rubbed against another metal in the presence of an 
organic vapor. Work on frictional polymer is described later 
in this article. 

The spontaneous formation of organic deposits on contact 
metals was demonstrated by exposing metal samples to 
vapors of pure hydrocarbons and to certain outgassing in- 
sulating materials at room temperature. Experimentally, 
there were three major problems in this study: (1) de- 
veloping a refined contact-cleaning procedure so that even 
minute amounts of contamination could be detected, (2) as- 
saying contact cleanness so that the cleaning procedure and 
also experimental contamination could be evaluated, and 
(3) devising a suitable contact exposure setup. 

The cleaning procedure was designed for gold and palla- 
dium, the metals most used in this work, because they pre- 
sumably represented extremes in sensitivity to this kind of 
contamination. The most general cleaning method is a 
chemical etch, since it attacks the surface of the contact 
metal and removes all existing contamination, whether or- 
ganic or inorganic. A palladium cleaning schedule was de- 
veloped involving treatment with aqua regia, hydrochloric 
acid, and sulfuric-chromic acid, interspersed with long rinses 
in double-distilled water. Gold was cleaned the same way, 
except that the hydrochloric acid step was not used. Obvi- 
ously, a treatment such as this is suitable only for laboratory 
use, where glass is the only other material in contact with 
the metals. 

Two adequately sensitive methods were developed to re- 
veal the formation of organic deposits on contacts in these 
experiments. They are the fine-wire probe method and an 
electron-microscope technique. Briefly, the probe instrument 
consists of a 2-mil platinum wire which is moved slowly, 
stopping intermittently over the surface of the contact being 
measured, at a contact force of 8-10 mg. The JR drop at the 
probe-contact junction (20 mv, 10 pamp) is amplified by a 
Hewlett-Packard 415B standing-wave amplifier and recorded. 
Part of this amplified voltage is used to charge a resistance- 
capacitance type of integrator. Thus, for each traverse across 
a contact, an integrator value is obtained which is a figure- 
of-merit regarding insulating deposits on the surface (see 
Figs. 3 and 4). The electron microscope (2) was used for 
depicting surfaces through replica methods. The method 
used here consisted first in coating the surface of the con- 
tact to be replicated with a solution of polyvinyl alcohol in 
water. The next step, after drying, was removal of the replica 
and shadowing with a metal in a high-vacuum evaporator 
at a low angle (to give relief). and then with carbon at 
90 deg to the surface (Fig. 5). The plastic is then dissolved 
in water and the thin evaporated film was ready for obser- 
vation in the electron microscope. An example of an electron 
micrograph prepared in the foregoing manner (an etch- 
cleaned palladium surface) is given in Fig. 6. 

Exposure of sample contacts for test was carried out in 
a clean, all-glass apparatus sealed with unlubricated ground- 
glass joints. The contacts (144 x 14 x 0.010-in. thick) were 
mounted on glass hooks, which fit into small holes in one 
end of the contacts. The glass apparatus was pressurized 
with oxygen or nitrogen at 1.5 psi. The pressurizing stream 
passed through a saturator which added vapors of an organic 
material. Periodically, contacts were removed for testing 
(by probe or electron microscope) by slipping off one of 
the ground joint tubes carrying the contacts and replacing 
it with an empty tube. 


Italic numerals in parentheses refer to Cited References at end of article. 
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Clean palladium and gold contacts were exposed to a 


number of hydrocarbons (including ethylbenzene and limon- 
ene), also to several insulating materials (paper-phenolic, 
Kel-F, and TFE magnet-wire insulation), and were moni- 
tored for periods up to ten months. Both the probe results 
and the electron microscope showed the spontaneous de- 
velopment on the contact surfaces of organic deposits hav- 
ing insulating properties. Palladium was far more reactive 
than gold, but gold was by no means inert. Deposits were 
first detectable in a week to a month (in some cases only 
with the electron microscope and not with the probe). Figure 
7 shows contamination of palladium exposed to limonene 
for 36 days. Gold, at 74 days, showed only mild contamina- 
tion. Reaction of offgases from Kel-F was studied by 
exposing clean palladium and gold contacts alternately to 
one day at room temperature and then one day at 160 C. 
With palladium, up to seven temperature cycles gave no 
probe value change and no electron-microscope indication 
of contamination. However, after the twelfth and fourteenth 
cycles, both tests showed contamination of palladium. Fig- 
ure 8 is an electron micrograph of the deposit after 14 cycles. 
Gold, after similar exposure, developed only slight con- 
tamination, barely detectable with the electron microscope. 

Neither contact metal developed detectable deposits from 
TFE-insulated magnet wire at 160 C; however, 230 C ex- 
posure produced a deposit on palladium detectable with the 
electron microscope after 5.5 days, and with both the micro- 
scope and the probe after 21 days. Gold did not appear to 
be affected by exposure to TFE magnet wire. 

3. Frictional Polymer. A brief laboratory study of fric- 
tional polymer formation was undertaken in an attempt to 
test an idea regarding the mechanism of polymer formation. 
In addition, application of electron-microscope replica meth- 
ods resulted in detection of even minute amounts of polymer 
that occur with the less-active metals and with the more 
stable insulating materials. 

It was suggested* that rubbing might cause electron 
emission from the metal surfaces and that these electrons 
might then cause chemical changes in hydrocarbons in the 
vicinity. Emission of electrons from rubbed-metal surfaces 
has recently been under study.(3, 4) The effect is strongest 
in the more reactive metals (aluminum, magnesium, zinc), 


* Wilbur Hansen, Stanford Research Institute. 


and can be observed with a windowless flow counter. Since 
there is some question in the literature about emission from 
rubbed noble-metal surfaces, this problem was investigated 
further. 

Three noble metals were studied: gold, silver and palla- 
dium. Rubbing samples of a noble metal against other 
samples of the same metal resulted in counting rates 2 to 
10 times above background in the first minute. A helium- 
isobutane counter gas was used. In the second minute, the 
counting rate was about one-third that of the first minute. 
In further time lapses (minutes), activity decreased much 
more slowly. 

The nature of the emitted particles was determined with 
a magnet. In a strong, properly located magnetic field, free 
electrons cannot leave the surface of the rubbed sample 
and cannot register on the counter; but ions are not affected. 
The magnet produced no change in the counting rate, and 
the particles which were counted were, therefore, deter- 
mined to be negative ions and not electrons. The ions prob- 
ably resulted from interaction of emitted electrons with trace 
molecules of oxygen or with the hydrocarbon; possibly the 
ions were formed in collision between these molecules and 
the metal surface, and the electrons were never actually 
free. There was no great difference in the emission rates of 
the noble metals studied. 

The conclusion is that frictional polymer is produced by 
some combination of the effects of catalysis and of electron 
emission from the rubbed surface. The catalytic action of 
palladium is easily capable of causing reaction in organic 
compounds.(5) With the involvement of electron emission, 
formation of insulating films by electron-induced polymeriza- 
tion of hydrocarbons (6, 7) seems equally certain. 

The production of frictional polymer was studied with 
a rubbing apparatus consisting of a test stylus mounted in 
a magnetically driven member and rubbing against a sta- 
tionary test plate. The assembly was operated in a glass 
tube with a ground-glass cap. Contact resistance between 
the stylus and the plate could be measured. A few drops 
of a hydrocarbon or a few grams of an insulator could be 
introduced into the glass chamber and that section of the 
chamber separately heated if desired. Each rubbing experi- 
ment lasted 1 to 4 hr. 

Gold. silver, palladium, and the gold alloy Western Elec- 
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Fig. 7—Electron micrograph of palladium 
exposed to limonene for 36 days. The 
surface is about 30-40 per cent covered 
with an oil-like deposit. 


Fig. 6—Electron micrograph of an etch- 
cleaned palladium surface showing its 
crystal structure. 
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Fig. 8—Electron micrograph of deposit 
on palladium from Kel-F outgassing at 
160 C. The pebble texture on the surface 
of the normally smooth crystals represents 
the organic deposit. 
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tric No. 1 (WE-1) were exposed to limonene. ethylbenzene. 
spent rosin flux, Kel-F, and TFE at room temperature and 
at elevated temperature. All combinations were not tested, 
but enough experiments were carried out to confirm the 
exceptional polymer-forming activity of palladium, the much 
lower reactivity of WE-1, and the even lower reactivity of 
gold. By electron-microscope examination of the rubbing 
site, it was found that silver has a polymer-producing re- 
activity one order of magnitude less than that of gold. 

Rosin flux at room temperature produced appreciable 
polymer on palladium, trace amounts on WE-1, and none 
on silver. Elevating the temperature of the rosin flux to 
125 C resulted in polymer formation on silver detectable 
only with the electron microscope. 

Kel-F at room temperature generated only traces of poly- 
mer on palladium, but at 125 C an increased amount was 
produced. At the same elevated temperature, traces were 
produced on WE-1 and on gold. 

TFE at room temperature and at 125 C produced no poly- 
mer on palladium, but at 160 C an infinitesimal amount was 
detected by the electron microscope. 


Control of Obscure Sources of Contamination 


There is considerable information about techniques for 
“clean” manufacturing of products that include not only 
relays but also electron tubes, solid-state devices, and me- 
chanical components in which bearings are used. The pro- 
ceedings of a recent symposium (8) contain much informa- 
tion of value to the relay industry. The topics include: dust 
control, metal cleaning, ultrasonics in cleaning, organic 
contaminants, and cleanness evaluation. A recent publica- 
tion (9) describes relay-cleaning studies, selection of ma- 
terials for contacts and insulation, and fluxes and soldering 
techniques for header sealing. 

Particle Contamination. Particles large enough to be visi- 
ble under low optical magnification, 100 X, did not receive 
major emphasis in this study. Methods for controlling them 
are well known and are employed in many forms by most 
manufacturers. This is not to say that particles in this size 
range are not a problem. Another study (1/0) concludes that, 
in miniature sealed relays, particle contamination is virtually 
the only source of contact resistance from contamination. 
However, the definition of particle size in that study was 
broad, and could include smaller particles (agglomerated 
organic deposits). 

These smaller particles can produce contact resistance less 
than the 500-1000 ohms which is the usual failure level in 
dry-circuit testing. (11) 

Removal of Iron and. Copper Contamination. A chemical 
cleaning method was developed for removing iron and copper 
compounds from relay contacts. The cleaning treatment was 
designed for application to the header assembly. It had no 
significant corrosive effect on materials of relay construction, 
which included steel, solder, copper, beryllium-copper, 
Kovar, molybdenum and aluminum. With proper rinsing, 
there was no increase in contact resistance due to chemical 
residues. 

The method consists of immersion of the header assembly 
in a 5 per cent aqueous solution of oxalic acid at 90 C for 
20 min, followed by thorough rinsing in distilled water. 
(Rinsing in pure tap water followed by a distilled water 
rinse would probably be almost as good.) 

In the laboratory experiments, the effectiveness of the 
oxalic acid treatment was judged by the results of the sen- 
sitized-paper test already referred to. On real and synthetic- 
ally contaminated contacts, only negative iron and copper 
tests were obtained from the surface of treated contacts. 

Organic Contamination. Progress with the problem of or- 
ganic contamination may be achieved by attention to selec- 
tion of insulation, selection of contact materials, relay de- 
sign, and cleanness of parts. Some industrial research effort 
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has been put forth in developing a “getter” for organics, 
similar to the residual gas getters in electron tubes. This 
study of organic contamination was concluded with explora- 
tion of a nondestructive test for hydrocarbon vapors which 
are capable of forming insulating films in sealed relays. 

@ Selection of Insulation: Ideally, no insulating material 
which is a source of organic vapors should be used in a 
sealed relay. Kel-F and even TFE were shown to be suspect 
in this regard. However, it is questionable whether exclusion 
of TFE as a material of construction would result in im- 
provement in relay-contact reliability without a simultaneous 
tightening of a number of other controls—i.e., parts prepara- 
tion, can sealing, and contact cleaning. 

Magnet-wire insulation and TFE sleeving are available 
but, due to molding difficulties, coil bobbins are not. The 
newer, moldable forms of TFE have not been evaluated. 
Bakeout of TFE at 160 C for 20 hr is believed to be im- 
portant to remove trace hydrocarbon volatiles which may 
he present from fabrication of the TFE unit. 

Coil bobbins are usually made of nylon (Zytel 101) or 
Kel-F. Nylon outgases slowly in nitrogen (0.15 per cent 
over 600 hr after an initial weight loss, due largely to water). 
In air, this rate is more than tripled. Outgassing from Kel-F 
at 160 C in air is minute, but measurable and continuous. 
Further, static polymer and frictional polymer formation 
on palladium and gold from Kel-F at 160 C was demon- 
strated with the electron microscope. Only inorganics such 
as glass or glass-bonded mica remain as possibilities. Cur- 
rently, glass insulation for the contact actuator is widely 
used. Glass-bonded mica, being moldable, is suitable for coil- 
bobbin manufacture but its high cost is a limitation. 

e Selection of Contact Materials: Gold and palladium 
were emphasized as contact metals in this work. Gold was 
shown to be considerably superior but was not completely 
immune to formation of both frictional and static polymer. 
\ specific study* on frictional polymer indicates that gold- 
platinum- and gold-palladium-containing alloys have appre- 
ciably higher activity than pure gold. In this work, silver 
was shown to form appreciably less frictional polymer than 
gold. Silver was therefore considered to be the least active 
of the noble metals tested and thus appears to be the best 
choice of contact metal from the polymer standpoint. 

e Relay Design: An approach to contamination control 
adopted by a few relay manufacturers is separate hermetic 
sealing of the contacts. The coil may then be of conventional 
materials (nylon bobbin and_ polyester-insulated magnet 
wire). This approach seems a good one for eliminating 
major amounts of organics from the contact compartment. 
It seems to offer potentially better performance than the 
relay in which the coil is enclosed with the contacts. 

e Cleanness of Parts: In this work, cleaning efforts were 
confined to synthetic contacts on which strong acid etches, 
impractical in relay production, could be used. A compre- 
hensive review of cleaning methods applicable to produc- 
tion is given in a special report.(9) The authors find ultra- 
sonic cleaning an aid to contamination removal when prop- 
erly used. An effective cleaning schedule involves successive 
2-min ultrasonic treatments in trichloroethylene, 80:20 iso- 
propyl alcohol and distilled water plus detergent, distilled 
water, and isopropyl alcohol, followed by vacuum oven 
drying at 240 F. Between each liquid treatment, parts are 
blown off with dry nitrogen. High solvent purity is important. 

e Hydrocarbon “Getter” for Sealed Relays: A commer- 
cially prepared pellet made of activated carbon bonded with 
an organic plastic was studied briefly. Afier outgassing at 
170 C in vacuum, the pellet was exposed in separate experi- 
ments to low concentrations of three organic vapors of 
different structural types. At room temperature, adsorption 
was virtually complete. At 160 C, 10-30 per cent of the 
vapors were desorbed but, as the temperature was lowered 
to room temperature, almost complete adsorption recurred. 


* Bell Telephone Laboratories. See Cited Reference (1). 
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With two of the hydrocarbons, this behavior was repeated 
even upon heating to 230 C (except that the amount de- 
sorbed at the elevated temperature increased to 50-60 per 
cent). However, with the third organic vapor and a new 
sample of carbon pellet, the 230 C treatment appeared to 
result in decomposition of the pellet’s organic binder. The 
return to room temperature left 40-50 per cent of the vapor 
still desorbed. 

Thus, although these pellets were not completely effective 
at 160 C, they were definitely effective at room temperature 
even after the 160 C treatment. The possible instability of 
the binder at higher temperatures in the presence of certain 
classes of organic vapors, however, may limit the applica- 
tion of activated carbon as a getter. 

© Nondestructive Test for Organic Vapors in Sealed 
Relays: Sealed military relays may become inoperative in 
storage due to slow but spontaneous formation of insulating 
films on the surfaces of some noble-metal contacts from 
trace hydrocarbon vapors in the enclosure. Organic vapors 
can also form minute amounts of frictional polymer through 
the rubbing action of making and breaking contacts. De- 
velopment of a nondestructive test for insulating-film-forming 
organic vapors in relays was explored, using the circuit of 
the probe apparatus.* Tenths of ohms of contact resistance 
can be detected at a 20-mv, 10-yamp contact load. 

Four microminiature relays from each of five manufac- 
turers were purchased after a 5000-cycle, dry-circuit miss- 
test by the manufacturers (typical failure level would be 
500 ohms). The relays were put through a seven-step sched- 
ule in which time, temperature, and relay cycling were 
varied. This was followed by opening of the relays and an 
optical and electron microscope study of those contact surf- 
aces exhibiting abnormal resistance. Contact resistance was 
monitored for each relay individually (contacts wired in 
series), and the values were recorded on a Varian recorder. 
The cycling rate was 2 sec ON, 3 sec OFF. 

Seven of the 20 relays tested showed abnormal contact 
resistance, ranging from 0.1 to 50 ohms. At least one relay 
from each manufacturer was included in this group. In 
four cases, the contact resistance appeared to be particulate 
in origin. In the remaining three, there was no obvious par- 
ticle contamination in the make area. Three relays from 
three different companies showed resistances from 0.2 to 
1 ohm on initial monitoring at room temperature. Two other 
relays showed resistance of 0.3 and 5 ohms immediately 
after an overnight period at 125 C. 

The relays were opened for study by a method which did 
not require heat or produce vibration or metal chips. The 
method revealed the depth of penetration of solder in the 
header seal and the presence of rosin flux in the sealing 
area. It consisted of scribing a line around the lower edge 
of the relay can about 14-in. from the bottom, where it joins 
the header. With a file or a tool-steel rod ground into a 
sharp, smooth triangular cross-section, the scribed line was 
deepened until a good part of the can thickness was pene- 
trated. The band formed was opened with the same tool 
and then rolled off with needle-nose pliers, as in opening a 
coffee can. The band separated, leaving the solder and rosin 
deposits intact. Rosin deposits could be found in all relays 
opened in this manner; many of the deposits were extensive. 

Electron micrographs of contact surfaces revealed that 
even clean-looking contacts could be covered with sub-micro- 
scopic particles (not necessarily in the contacting area). 
Particles of this size are insidious because they go unde- 
tected and yet may be responsible for contact resistance in 
the range starting at tenths of ohms. Ultrasonic cleaning 
methods could possibly rid surfaces of these particles, as 
well as those easily visible under ordinary optical magnifi- 
cation. Electron micrographs also showed definite evidence 


* Toward the end of these tests, it was established that the Keithley Model 502 
milliohmmeter was satisfactory for these measurements on the 0.3-ohm or 1-ohm 
scale. 
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of organic matter (presumably frictional polymer) in the 
contacting area even in relays that had given no indication 
of abnormal contact resistance. 

Thus, the attempt to develop a test for film-forming 
organics in sealed relays showed the following: (1) easily 
measurable contact contamination was demonstrated on 35 
per cent of the relays tested, (2) particles were present in 
the enclosures of all relays, sometimes in staggering quantity 
or in submicroscopic size range, (3) organic matter (pre- 
sumably {rictional polymer) was found in the contacting 
areas even of operational relays. 

The significance of the results is that nondestructive dry- 
circuit relay tests may be carried out which will usually re- 
veal the presence of contact contamination. In most cases, 
the resistances measured were low (tenths of ohms to ohms). 
Further work would be necessary to determine whether these 
tests can forecast the development of higher contact re- 
sistance upon shelf storage or upon continued operation 
of the suspect relays. 

The results also indicate that, clean rooms notwithstanding. 
contaminating particles are still a mild-to-severe problem. 
Penetration of rosin flux during can-sealing occurs gener- 
ally, and is a source of contaminating particles as well as of 
hydrocarbon vapors of a particularly reactive nature. Be- 
cause flux flows ahead of the molten solder, there is no way 
to avoid its entrance into the can. If ultrasonic soldering 
(or pre-tinning and careful flux removal followed by flux- 
less joining) cannot be made to work, some type of welding 
(shielded arc, projection, or cold welding) would appear 
to be the only suitable joining technique. oOo 
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Semiconductor FAILURE ANALYSIS 


Using Characteristic Curves 


The characteristic curves of a semiconductor 
device which has been found to be faulty 
can reveal important information about the 
nature of the failure. Breaks and erratic 
behavior in the forward and reverse char- 
acteristics can show whether the failure was 
due to surface contamination, voltage breal:- 


down, mechanical stress or other causes. 


ROY A. HOLLADAY 
Benpix CORPORATION 
Kansas City, Missouri 


ToDAY’s DEMANDS for high reliability in system operation 
require that component failures be reduced to an absolute 
minimum. When component failures do occur, a study 
must be made to determine whether changes must be 
made in the system design, whether a different component 
type is needed, or whether the component itself was 
faulty. In making an analysis of the last possibility, there 
are several methods of determining the exact nature of 
the component failure. One of these which is particularly 
useful where semiconductor components are concerned 
is to study the characteristic curve of the component.* 

The characteristic curve may be obtained either by 
using an X-Y plotter or an oscilloscope, and from it a 
failure mode can be established. Failures can be divided 
into four general types: 


1. stress failures 3. degradation failures 


2. voltage-breakdown failures 4. dissipation failures. 


The four types of failure and their causes and detection 
will now be discussed in detail. 

Stress Failures. These failures are indicated by a 
change in the characteristic due to internal or external 
mechanical stresses. They may be caused by poor device 
design, improper mounting in an assembly, or inadequate 
protection in potted circuits. 

Stress failures are generally thermally induced and 
they tend to cause cracking of the wafer or loosening 
of mechanical connections. In some devices, stresses 


*See “Semiconductor Rectifier Characteristics,” E. J. Diebold, Exvecrro-Tecu- 
wotocy, June 1961, p 72. 
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can be transmitted to the wafer from external sources 
such as potting. Occasionally, cracking of the wafer due 
to thermal mismatch of the materials within the device 
is encountered. 

Cracking of the wafer causes the forward voltage drop 
to increase. If the cracking is severe enough, erratic or 
even open units will be encountered. As an example of 
potting stresses in a 1N248 rectifier, the forward voltage 
at 5 amp was found to increase as follows: 


Reading c fter len perature ecyeling, 
Reading volts 
Initial after (—65 to +165 F) 
reading, potting, 


volts volts 1 cycle 2 cycle 3 cycle 


0.82 0.82 0.97 1.0] 1.06 


The forward voltage drop did not increase as a result 
of the potting process, but rather due to thermal stresses 
caused by the different coefficients of expansion of the 
potting material and the rectifier. 

The reverse characteristic also changes due to wafer 
cracks. The same 1N248 rectifier had the following leak- 
age current readings at an inverse voltage of 80 volts: 


Reading Readings after temperature cycling, 
Initial after ma 
reading, potting, 


ma ma 1 cycle 2 cycle 3 eyele 


0.2 &:2 5.8 9 2 6.4 


The reverse characteristic is not as predictable as the 
forward characteristic and is usually unstable. 

Much more information can be gained from observing 
the actual characteristic curves than from the point 
measurements mentioned above. The curves in Figs. 1 
and 2 show how the characteristics are altered due to a 
cracked wafer caused by thermal mismatch of the ma- 
terials in a 1N538 rectifier. Figure 1 shows how the 
forward voltage drop increases after a temperature cycling 
of 20 cycles from —65 to +100 C. It will be noted also 
that the voltage drop at low current levels increases, in- 
dicating a change in the exponential term of the forward 
characteristic. The unit tested appears to have excessive 
cracking due to the 20 thermal cycles. In some instances, 
this cracking can be slight, causing only a small shift 
of the forward characteristic. Such cases, however, be- 
come more apparent at higher current densities. Figure 
2 shows the reverse characteristic of the same rectifier. 
From this curve, the most apparent change is the erratic 
breakdown voltage at a considerably lower value. 
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Loose connections generally cause erratic operation 
and are best observed on the forward characteristic. 
Figure 3 shows a characteristic for a diode with a loose 
connection within the device. It will be noticed that the 
instability becomes worse at high current densities. Un- 
like the cracked wafer, the faulty connection does not 
change the characteristic at low currents, but adds re- 
sistance to the series term, which is composed of semi- 
conductor bulk resistance. 

Voltage Breakdown. The majority of semiconductor 
failures is a result of voltage breakdown. These failures 
are a result of poor circuit design or improper assembly 
or device testing. For instance, during hi-potting, it is 
possible to place a large charge on a stray capacitance, 
which then discharges through the device, causing a 
failure. 

In a voltage-breakdown failure, the most notable change 
is in the reverse characteristic. However, in severe cases 
of breakdown, the forward characteristic shows a change 
at low current levels. As a result of voltage breakdown, 


Fig. 2 — Reverse characteristics of a 1N538 diode. Curve (a), 
before temperature cycling; curve (b), after temperature 
cycling. Same conditions as in Fig. 1. 


10 20 30 
Volts 
Fig. 4—Reverse characteristics of 
1N1095 diodes with two types of volt- 
age-breakdown failures. 


Fig. 5 — Emitter junction leakages for a good 
and a bad 2N539 transistor. 


the reverse characteristic may be changed only slightly 
or it may be completely shorted. The current may in- 
crease approximately linearly with the voltage or it may 
remain low for a short time and then increase linearly 
with the voltage, as shown by the two curves in Fig. 4. 

The two junctions of a transistor are affected by voltage 
breakdown in much the same manner as the single junc- 
tion of a diode. However, there is also the possibility of 


0.5 9 
Volts Volts 


Fig. 1 — Forward characteristics Fig. 3— Forward charac- 
of a 1N538 diode. Curve (a), teristic of a 1N458 diode 
before temperature cycling; with an internal loose 
curve (b), after 20 temperature connection. 

eycles from —65 to +100 C. 

Failure due to cracked wafer 

caused by thermal mismatch of 

materials. 


100 200 «0 50 
Volts Volts 


Fig. 6—Collector junction leakages 
for a good and a bad 2N539 transistor. 
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collector-to-emitter breakdown to consider. Figures 5 and 
6 show the characteristics of the emitter and collector 
junctions, respectively, of a shorted 2N539 and a good 
unit. The characteristics of the shorted unit appear to 
be fairly normal and are within specifications. In Fig. 7, 
however, collector current is plotted against collector- 
to-emitter voltage for the good and bad units. The break- 
down between collector and emitter is clearly indicated. 
Naturally, it does not always follow that breakdowns 
between collector and base or emitter and base never 
happen and it is quite possible for the emitter-to-collector 
characteristic to appear normal when either one of them 
has broken down to the base. 

In summary, junctions that have been severely shorted 
appear resistive in the reverse direction and, at low cur- 
rent levels, in the forward direction. When making a 
test to determine the reverse characteristic, the device 
should be driven as far into the breakdown region as 
practical. Almost without exception, the reverse charac- 
teristic will show an increase in leakage current with 
voltage and a decrease in the breakdown point. Sharp 
(Zener-type) breakdowns are very seldom encountered. 
It should also be pointed out that the reverse characteristic 
of a damaged unit is generally quite stable, repeating 
from time to time. 

Degradation Failures. These failures are due to 
surface conditions which originate with the manufacturer 
of the device and usually show up after storage or device 
operation. They can be detected only by observing the 
reverse characteristic, which, in almost all types of surface 
failures, will show erratic or unstable behavior. Surface- 
failure conditions take many forms. One type is shown by 
curve (a) in Fig. 8. In this case, there is a linear in- 


crease of current with voltage below the breakdown point. 
This type of surface failure is almost always accompanied 
by “creep,” which is a drifting of the current when the 
reverse voltage is changed suddenly. This creep cannot be 
observed in the curves of Fig. 8 since the recorder was 
run at a constant rate. Breakdown is illustrated in these 
curves where the full current scale for curve (a) is 3.5 


microamp and that for curve (b) is 350 microamp. 


Fig. 7— Collector current vs col- 
lector-to-emitter voltage for a good 
2N539 and a unit that has failed 
due to voltage breakdown. 


Fig. 8 — Reverse characteristics for Fig. 9—Reverse characteristics for 
a 1N1095 diode which has failed 
due to surface contamination, with 
recorder run at different speeds to 
show effect of “creep.” 


Normal breakdown was reached at approximately 35 
microamp for curve (b). 

In Fig. 9, curve (a) is the reverse characteristic of 
a unit with surface contamination in which the leakage 
current is constant with voltage, but at a much higher 
value than would normally be expected. The type of 
surface contamination does not affect the avalanche 
breakdown point of the unit. Curve (b) in Fig. 9 is the 
characteristic for still another type of surface contamina- 
tion. 

The characteristic shown in Fig. 10 was obtained from 
a unit with extremely erratic behavior, although there is 
very little increase in leakage current below the point of 
instability. It appears that a Zener effect has been intro- 
duced which causes the diode to break down below the 
normal avalanche voltage. To check that this phenomenon 
was due to a surface effect, a small hole was cut in the 
glass case. Figure 11 shows the characteristic obtained 
after this alteration. The instability is gone and the 
normal breakdown returned. If the same characteristic 
is obtained with a more sensitive current scale, the curve 
in Fig. 12 is obtained. This shows a linear increase of 
current with voltage due to exposure to the atmosphere. 

Dissipation Failures. Failures caused by exceeding 
the thermal rating of the device are classified as dissipa- 
tion failures. High thermal resistance within the device 
is a common cause of such failures. Dissipation failures 
are not common if a reasonable amount of safety factor 
has been designed into the equipment. However, they 
do occur, and the result is usually a short or open in 
the junction. The reverse characteristic appears resistive, 
as does the forward characteristic. When open units are 
found, a visual inspection is necessary for analysis. Under 
the microscope, the dissipation failure shows evidence 
of excessive heat and/or large areas that have burned 
through the junction. 

Temperature Tests. Temperature tests can often be 
used to give some clues regarding failure types. For 
instance, in silicon devices, it is known that the saturation 
current doubles for every 8 to 15 deg C rise in junction 
temperature and that the breakdown increases approxi- 
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1N1095 
diodes with two different types of surface 
failures. 
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Fig. 10 — Reverse characteristic of a 1N458 diode with 
surface contamination. 
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Fig. 11 — Reverse characteristic of Fig. 12—Same characteristic as 
same unit as shown in Fig. 10, with 
hole cut 


shown in Fig. 11, with expanded 


in case and condensed current scale. 


voltage scale. 
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Fig. 13— Reverse characteris- Fig. 14 
tics of a 1N539 diode at 25 C 
and 125 C. 


to surface contamination. 


mately 0.1 per cent per deg C. This can be seen by 
comparing the two reverse characteristics for a good 
diode shown in Fig. 13. The increase in leakage current 
at the higher temperature is approximately 7 microamp. 
In Fig. 14, the same characteristics are shown for a 
diode with a surface failure and, in Fig. 15, for a diode 
with a voltage-breakdown failure. In the surface-failure 
sample, the leakage current is as much as 75 microamp 
greater at the higher temperature and high voltages. In 
the breakdown failure, the change in leakage current with 
temperature is approximately 10 microamp. Since an 
increase in leakage current is not always predictable with 
temperature in devices with contaminated surfaces, this 
means of checking for surface or breakdown failure should 
be used only as a confirmation of a previous analysis. 
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Reverse characteristics at 25 C and 
125 C of a 1N1095 diode that has failed due 


300 
Volts 
Fig. 15 — Reverse characteristics at 25 C and 


125 C of a 1N1095 diode that has failed due 
to voltage breakdown. 
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Motor selection is an important factor in 
null-balance measuring systems. Overall 
performance is largely dependent on motor 
characteristics. Elements of the null-balance 
system are described and motor require- 


ments stressed. 


EDWARD MORASKI 

Director of Engineering 

Natronat Pneumatic Co., Inc. and 
Hotrzer-Casot Divisions 

Boston, Massachusetts 


MANY ELECTROMECHANICAL ENGINEERS who are not 
specialists in designing graphic indicators are called 
upon to develop null-balance systems to fulfill particular 
measuring requirements. It may be necessary, for ex- 
ample, to design special recorders for a series of thermo- 
couples or strain gages or even a single indicator for a 
particular application. 

This article will describe each major component of a 
null-balance measuring system from the primary element 
to the chart record or scale indication, with emphasis on 
characteristics and behavior of the balancing motor. 

Elements of Null-Balance Measuring System. 
The block diagram in Fig. 1 shows the major elements 
of a null-balance system. The functions of each of these 
elements are: 


Null-balance 
potentiometer 


c 


Sl 
Velocity or 
tachometer 


Balancing 
motor 


pointer 
Fig. 1 — Diagram of typical null-balance system: G is minimum 
amplifier gain. 


>> 


Fig. 2 — Operating principles of null-balance system. 


——Selecting BALANCING MOTORS 
for Measuring Systems 


1. Primary element — converts a measured variable (X;) 
into a d-c voltage, d-c current, or resistance at its output. 
Since the operation of the null-balance circuit is essentially 
the same for each type of primary-element output, this arti- 
cle will assume for simplicity that the primary output is a 
d-c voltage (E,). Primary elements with outputs of a-c 
voltage, current and power will not be considered here be- 
cause they are not as widely used as those with d-c outputs. 

2. Null-balance potentiometer circuit — provides, _ by 
means of a slidewire, an output voltage (E,) that is pro- 
portional to the position of the output gear shaft. The differ- 
ence between E, and the primary-element voltage (F,) 
is the error voltage (E;) applied to the amplifier. 

3. Amplifier — provides an amplified a-c control signal 
(GE;) to the balancing motor that is roughly proportional 
to the magnitude of the error voltage. This control signal 
must reverse in phase as the polarity of the error voltage 
reverses. Conversion of d-c input to a-c is accomplished by a 
60-cps synchronous converter (chopper). 

4. Balancing Motor — positions a pen or pointer in re- 
sponse to an input signal from the amplifier, and does so 
with specified speed of response and sensitivity. 

5. Gear Train — matches the rotor inertia of the balancing 
motor to the load inertia (slidewire, mechanical linkages, 
pen or pointer, damping system) to obtain maximum accel- 
eration and to provide the required recording or indicating 
speeds. 

6. Damping Circuit —In any null-balance servo system it 
is necessary to provide either feedback or viscous damping 
of the balancing system to prevent oscillation (repetitive 
overshoot and undershoot) of the pen or pointer about the 
balance point. The RC damping circuit is often used as an 
input-signal filter. 


Dynamic Behavior of Null-Balance System. 
Operation of the null-balance potentiometer circuit of 
Fig. 1 is described by the more detailed schematic draw- 
ing in Fig. 2. A calibrated d-c voltage is placed across 


Calibrated 
reference 
voltage 
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the end points or terminals of the slidewire. In a static 
condition, when there is no change in primary element 
output E,,, a balanced condition exists in which E; equals 
zero, the balancing motor is stationary, and feedback 
voltage E, is equal and opposite to E,. The pen or 
pointer is also stationary. When measured variable X; 
increases, E, momentarily exceeds E, and the voltage EF; 
will be applied to the amplifier input. 

After conversion to a-c and amplification, this signal, 
now GE;, is impressed on the control winding of the 
balancing motor and the motor rotates. This rotation 
moves the contact arm of the slidewire in a direction 
so as to increase FE, (clockwise in Fig. 2), and this 
action continues until F, == E,, at which time amplifier 
input E; again becomes zero at the new pointer or pen 
position. If FE, should drop below E,, EF; will reverse 
polarity (from that shown in Fig. 2), the balancing 
motor will rotate in the opposite direction, and the 
contact arm will move (counterclockwise) to reduce E, 
until balance is again established. 

Input from Primary Element. The accompanying 
table gives measured quantity, units of measurement, 
range of primary output, and typical primary-element 
for primary elements involving the 
measurement of d-c voltage. Primary elements requiring 


resistance most 


current-measuring circuits include current shunts, photo 
tubes, ion chambers, ion gages and Ohmart cells. Common 
resistance elements are conductivity cells and transmitting 
slidewires. 

It is desirable to have a relatively low primary-element 
resistance for two reasons. First, a high resistance re- 
duces voltage E; at the amplifier input because of the 
IR drop across the primary element. This results in de- 
creased instrument sensitivity (or increased deadband). 
In addition, because primary-element resistance is effec- 
tively part of the total damping resistance in RC damp- 
ing, high primary-element resistance might cause over- 
damping by slowing the instrument response. 

Primary-element resistances in the order of 2000 ohms 
usually have no significant effect on either the deadband 
or damping of null-balance systems. If the primary- 
element resistance is over 5000 ohms, the effect on dead- 
band is still negligible, but damping increases so that the 
full-scale response time increases about 14 sec. Both the 
deadband and response time are roughly twice rated 
value for primary-element resistances of 25,000 ohms. 

Output to Motor Load. The output load of the bal- 
ancing motor includes friction in the gear train, slide- 
wire and linkages to the pen or pointer, as well as the 
total load inertia (J,,). A critical characteristic of a bal- 


Characteristics of Primary Sensing Element for Null-Balance System 


Measured 
quantity 


Primary element 
Thermocouple, thermo- 
pile, or radiation de- 


tector 


temperature or temper- 
ature difference 


Thermal converter a-c volts, amperes or 


watts var 


Units of 
measurement 


degrees F or C 


volts, amperes, watts, 


Typical resistance of 
primary element 


Range of 
primary output 
100 microvolts to 100 
millivolts 


up to several hundred 
ohms 


up to 700 millivolts up to 3000 ohms 


Volt box 


Current shunt 
Photomultiplier tube 
PH electrode 


Strain gage 


Thermal-conductivity 
cell 


Thermocouple pressure 
gage 


Infrared-absorption cell 


Integrating circuit 
Oxidation-reduction 
electrode 


Tachometer 


Smoke-responsive 
element 


Direct measurement 


d-c voltage 


d-c current 


| light 


pH 


stress, strain, pressure, 
load, weight, etc. 


gas analysis 


absolute pressure 


gas analysis 


| various 


millivolt potential 


speed of rotation 


per cent transmission 


| d-c volts 





volts 


amperes 


microamperes 


| pH 


according to applica- 


tion 
per cent composition 


| microns of mercury 


per cent composition 


| counting rate 


millivolts 


1000 millivolts or less 


200 millivolts or less 
| 200 millivolts 
200 to 900 millivolts 


up to 30 millivolts 


5 to 15 millivolts 


15 to 50 millivolts 
100 microvolts to 1 
millivolt 
| as required 


| as specified 


up to 1250 millivolts 


| 12 to 0 millivolts 


| 1000 millivolts to 100 
volts 


| up to 200,000 ohms per 


| up to 2000 megohms 


| up to several megohms 


volt 


| depends on current range 


over 500 megohms 


100 to 3000 ohms 


up to 50 ohms 


| up to 100 ohms 


100 ohms 


| various 


| up to 2000 megohms or 


up to 100 ohms 


30 ohms 


a 
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Fig. 3— Time response of high-speed recorder to step-input 
change. 


ancing motor in moving this load is the balancing time, 
defined as the nominal time for the pen or pointer to 
travel full scale for a full-scale step change in the input 
(Fig. 3). 

The applications of most primary elements used today 
require a balancing time between 14 and 12 sec. The 


Leeds & Northrup Model S strip-chart recorder, used as 
an example in Fig. 3, has a nominal balancing time of 
1 sec. The three principal portions of the full-scale step 
response in Fig. 3 are the acceleration range (a), running 
range (b), and deceleration range (c). In the accelera- 
tion range, the balancing motor in this case takes about 
0.05 sec to come up to full speed. In the running range, 
the motor is rotating at constant speed as a two-phase 
induction motor for about 0.6 sec. In the deceleration 
range, about 0.3 sec is required to overcome damping 
action and stop the motor at the balance point. 

A step change in the primary element output, when the 
measuring circuit is in a balanced condition, requires 
that enough starting torque be applied at the gear out- 
put shaft to overcome both frictional resistance and 
load inertia so that the motor will reach full speed within 
the desired acceleration time. With the motor at full 
speed in the running range (Fig. 3), the running torque 
need overcome only load friction, since shaft velocity 
is constant. Load friction is minimized by the use of bail 
bearings on the slidewire shaft and proper design of pen 
and pointer linkages. 

Balancing Motor. Two-phase balancing motors are 
available in a variety of torque and speed characteristics. 
The reference winding of a balancing motor is normally 
connected to the system power supply (usually 120 volts, 
60 cps) through a phasing capacitor; amplifier output 
(approximating a square wave) is applied to the balanc- 
ing-motor control winding. 

Although there is negligible phase shift in the volt- 
age-amplifier stages, there is some phase advance in the 
power-output stage. There is also considerable lag in 
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the chopper contacts with respect to power-line phase. 
Therefore, the required 90-deg phase relationship between 
the inputs to the two balancing-motor windings is ob- 
tained by proper phasing of the converter drive coil and 
of the balancing-motor reference winding. 

A balancing motor may have either a direct shaft drive 
of an external gear train or an integral gear train (Fig. 
4). Gear ratios available in instrument gear motors range 
from about 2.5:1 to 3600:1 in over 50 successive steps. 
Except when produced in large volume, the total cost of 
gearing and motor is also greater when the gears are 
made separately for external installation. External gear- 
ing can provide spring-loaded split gears which eliminate 
backlash. This is not usually possible when using internal- 
gear motors. 

It is recommended practice to select a standard com- 
mercial instrument motor as the prime mover in a bal- 
ancing system in order to minimize cost. By properly 
matching the amplifier output impedance to that of the 
motor control winding (and matching load inertia re- 
flected through the gear train to the motor rotor inertia), 
it is usually possible to select a standard instrument 
motor that will fulfill all operating requirements. Of 
course, many variations on standard instrument motors 
can be made for unusual environmental or circuit condi- 
tions. For example, motors can be designed for operation 
at non-standard voltages and frequencies, and with special 
windings for higher-torque and extreme-temperature con- 
ditions. Special rotors may be used for dynamic braking 
and quick reversing. 

Speed-Torque Characteristics. The most useful in- 
formation about a balancing motor, as with most motors, 
is its speed-torque characteristic. The curves in Fig. 5 
show that the RBT-2510 motor has a relatively high start- 
ing torque (at zero speed) and a more nearly linear 
speed-torque curve than is characteristic of conventional 
induction motors. Two important points on these per- 
formance curves are the starting torque and the torque 
at running speed. With 50 volts on the control winding 
of the motor in Fig. 5, a starting torque of 2.25 oz-in. 
will be available to overcome load friction and inertia 
ai ihe motor output shaft. The running-speed operating 
point of the motor on the 120-volt speed-torque curve 
represents its performance when the pen or pointer on 
the output is traversing the running range (Fig. 3). In 


Fig. 4— Holtzer-Cabot balancing motors with integral gearhead 
(RBG-2510 at left) and direct drive (RBT-2510 at right). 
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both of these instances, the amplifier signal has reached 
the saturation level but the motor voltage at start is 
lower than that when running, due to the lower apparent 
central-winding resistance when stalled as compared to 
that when rotating, together with the high output re- 
sistance of the amplifier. 

It is evident from Fig. 5 that if running torque must 
be 1.0 oz-in. to overcome running friction in the load 
and gear train, this particular motor will traverse the 
running range at a speed of 1500 rpm. Knowing the 
required maximum running time (0.6 sec in Fig. 3) 
and total specified angle of rotation of the gear-train 
output shaft, it is easy to determine whether or not the 
speed at the running point is adequate. For example, 
assuming a gear ratio of 16:1 and a full-scale slidewire 
rotation of 324 deg (neglecting the very small angles of 
acceleration and deceleration), the motor output shaft 
must run at a minimum speed of 


324 de l rev 60 sec ; 
(a =) (sean) (7 =) gear ratio) = (90 rpm)(16) 


1440 rpm 


Thus the motor whose curve is shown in Fig. 5 will 
satisfy the conditions of the example. 

Minimum Control Voltage. From Fig. 5 it is also 
possible to determine the minimum control-winding volt- 
age that will provide sufficient stalled torque. This in- 
formation is useful in determining the required amplifier 
gain (discussed below). 

Under most operating conditions, the deadband of 
graphic recorders and indicators does not exceed 0.15 
per cent of the instrument span. This deadband is roughly 
equivalent to the width of a line drawn by a recorder 
pen. Deadband (Fig. 6) of a null-balance instrument 
is defined as the range (in per cent) of the instrument 
span through which the measured quantity can be varied 
without initiating response. 

The voltage-torque curve in Fig. 5 shows that a con- 
trol-winding voltage of 12 volts is required to produce 
the minimum starting torque of 0.5 oz-in. This minimum 
torque can be considerably less than the 2.25 oz-in. re- 
quired for a step response because only a slight motor- 
shaft motion is necessary. Only load friction, rather than 
friction and inertia, need be overcome. 

Minimum required amplifier gain is normally deter- 
mined on the basis of the required zero-speed motor- 
control voltage and the desired deadband input voltage 
rather than from full-scale step response or motor running 
characteristics, because the gain necessary to obtain the 
specified system sensitivity is usually higher. Assume, for 
example, that the amplifier gain must be determined in 
order to attain a 0.15 per cent deadband for a 10-milli- 
volt recorder span with the balancing motor of Fig. 5. 
The minimum amplifier input that must produce motor 
response is 7.5 pvolts, the product of one-half the dead- 
band times instrument voltage span. Since 12 volts are 
required to start slow motion of the rotor, required 
amplification is then about 1.6 x 10°. 

Gear Train. Null-balance measuring systems may in- 
clude either spur- or worm-gear trains. Whether the gear 
train is external or integral with the motor, the gear 
ratio (R) is initially selected so that reflected load 
inertia is matched to motor-rotor inertia. Such a gear 
ratio will yield the maximum value of acceleration and 
is given in the expression: 
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Fig. 5—Speed-torque and voltage-torque characteristics 
balancing motor. 


where 


Jr = load inertia 

Ju motor rotor inertia 

D, = diameter of output gear 

Dy = diameter of motor pinion gear 


It may be necessary in actual practice to decrease the 
gear ratio below this value in order to increase the speed 
of the gear output shaft during the running range and 
thereby obtain minimum balancing time. On the other 
hand, output torque at the gear shaft may have to be in- 
creased to narrow the deadband by increasing the gear 
ratio, assuming that the new balancing time is still 
acceptable. 

Amplifier. The amplifier may be purchased either as 
a standard unit or be specifically designed for a particular 
null-balance system. While there are many possible varia- 
tions in amplifier design, circuits are generally provided 
for filtering noise from the primary element and for 
damping purposes. 

The types of interference signals that may occur in 
the voltage output of the primary element include pickup 
from a-c power lines, d-c thermal voltages and ground 
potentials. It is helpful in designing or specifying the 
amplifier to know the answers to these questions: 


1. Is the noise developed by a high-impedance or low- 
impedance source? 

2. Is the noise longitudinal (in series from primary to 
ground — often called the common mode) or is it transverse 
or parallel to the primary input signal? 

3. Is it a-c or d-c? 

4. If a-c, is it 60-cps or radio-frequency? 





Fig. 6 — Static torque characteristics of null-balance measuring 


system. 


> 
Fig. 7—Single-ended (a) and push-pull (b) amplifier output 
stages. Note capacitor is parallel with control winding. 


5. What is the ratio of noise voltage to the range of the 
input signal (difficult to measure in a high-impedance noise 
source ) ¢ 


Amplifier gain is determined on the basis of the de- 
sired sensitivity of the null-balance measuring system. 
However, it is important to consider the effect of ampli- 
fier saturation, in which an increase in amplifier input 
produces no increase in voltage input to the control wind- 


ing of the balancing motor. The amplifier is usually 
selected so that rated voltage is reached at saturation; in 
this case, in the running-speed condition. Using the 
example discussed above with reference to Fig. 5, at 50 
volts control voltage with the motor stalled and an am- 
plification of 1.6 X 10°, saturation effects will have begun 
to appear at an input voltage of about 30 pvolts or an 
unbalance of about 0.3 per cent of instrument span. 
Gain controls in the electronic amplifier are needed to 
adjust system sensitivity to the requirements of the par- 
ticular instrument span. 

The overall amplifier/motor torque curve in Fig. 6 
demonstrates the stalled-motor relationship between sys- 
tem sensitivity, saturation voltage and motor torque. In 
this curve, 100 per cent stalled torque represents a motor 
torque of 2.25 oz-in. at the saturated-amplifier control- 
winding voltage of 50 volts obtained with unbalances 
exceeding about 0.6 per cent, or about 60 pvolts on a 
10-millivolt primary range. The minimum starting torque 
of 0.5 oz-in. is about 22 per cent of the maximum stalled 
torque and occurs at an input of 0.075 per cent, or 7.5 
pvolts. 

Damping Methods. In order to provide a reasonably 
high measuring sensitivity, a null-balance measuring 
system may be designed so that an unbalance of 0.6 per 
cent of full span produces sufficient output voltage to 
develop maximum balancing torque. Without any damp- 
ing provision, the pen or pointer would repetitively over- 
shoot the balance point because a small unbalance could 
bring the motor up to full speed with no torque reduc- 
tion until the system nearly reached balance, and the 
inertia of the system could carry the slidewire contact 
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past the balance point and on to a new, equal (but oppo- 
site) unbalance and the cycle would repeat. Such over- 
shoot or “hunting” oscillation in an undamped or under- 
damped system is demonstrated by the sinusoidal dotted 
curve in Fig. 3. On the other hand, overdamping extends 
the decelerating range so that the balancing time is un- 
necessarily long. The solid tracing in Fig. 3 represents 
a null-balance system that has been critically damped 
for a 90 per cent step input. 

There are three types of damping: (1) RC, (2) tachom- 
eter, and (3) viscous. 

In RC damping, a damping current that is proportional 
to the rate of change of E, (Fig. 2), and hence propor- 
tional to the slidewire contact velocity, is fed to the 
amplifier input. This damping current opposes current 
produced by the unbalance. As the balance point is ap- 
proached, unbalance current which predominated and 
provided the balancing drive power drops to zero, but 
the damping current continues as long as the system 
moves. The damping current therefore predominates near 
and at balance, resulting in the application of reverse 
torque to the balancing motor, thereby braking the sys- 
tem without overshoot. 

In tachometer damping, a d-c or a-c rate generator 
whose voltage output is proportional to speed is con- 
nected to the motor output shaft. The damping signal, 
which opposes the unbalance signal in polarity for d-c, 
or in phase for a-c, is fed into the amplifier input for 
d-c damping or to the grid of an intermediate stage for 
a-c damping. The braking action is essentially the same 
as with the RC type, both being velocity damping systems. 
Viscous damping is built into the balancing motor itself. 

Amplifier Power-Output Stage. The power-output 
stage of the amplifier may feed the motor control winding 
through a single-ended or push-pull circuit. Both types 
(Fig. 7) are in common use. In both circuits, a capacitor 
in parallel with the stalled-motor control winding tunes 
the winding to 60-cps resonance. Control-winding voltage 
(GE;) reverses 180 deg as the d-c error-signal input to 
the amplifier changes polarity. OOO 
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Editor’s Note: The engineer’s “usefulness” attitude 
toward mathematics gives him an advantage: he can 
select symbolic methods and degrees of rigor to suit 
the problem before him, and match this selection to 
his knowledge of the physical facts involved. The 
mathematician, however, is concerned with the method 
itself, in all its implications and with absolute rigor 
of development, without guide-lines set by the physical 
world or by specific application purposes. It is appar- 
ent that the engineer-analyst is better equipped when 
he has a wider range of useful mathematical methods 
under his control, but in forms and to degrees of 
rigor to suit his purposes. 

Present-day and projected engineering is increas- 
ingly concerned with fields rather than with (for 
instance) the behavior of particles or the gross char- 
acteristics of objects. The traditional one-dimensional 
approach to analysis is falling by the wayside as 
being entirely inadequate for the engineer’s need for 
subtle understanding of dynamics, electromagnetic 
phenomena, wave functions, system complexes, heat 
conduction and even acoustics and optics. Field con- 
cepts and the attendant requirement for simultaneously 
and vigorously dealing with multiple dimensions de- 
mand tensor methods. 

Tensor analysis for engineering use is frequently 
viewed with suspicion because of its historical origins 
and association with non-Euclidean geometries, n- 
dimension concepts and general relativity. These may 
be abstractions to the engineer, but it was the need 
for powerful generalized mathematical formalism that 
brought tensor analysis into being; this mathematical 
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power is ready and available for the growing areas 
of engineering analysis requiring faster and more 
succinct symbolic expression. 

A key to the engineering significance of tensor 
methods is in the idea of multiple variables. When 
the analysis of a physical problem cannot be accomp- 
lished by the one-variable-at-a-time approach, the 
physical system becomes a set of inter-related vari- 
ables. In engineering, the relations between variables 
may emerge or be known in different ways, so that 
it is necessary to be able to transform readily the 
bases of reference of these variables to one another. 
One reason is that more significant expression of 
known system constraints may appear with one set 
of coordinates, whereas, with another set of refer- 
ences, the known canonical properties of certain vari- 
ables may be more meaningful. The power of tensor 
analysis resides in the fact that a tensor equation is 
independent of coordinate system. A set of relations 
for a physical system expressed in scalar and vector 
algebra may involve a prohibitive amount of labor 
for a transformation of reference; with tensor methods 
this is obviated, since they rest on the fact that an 
inherent relationship should not be a function of 
frame of reference. 

The present “Tensor Analysis” article is by the 
same authors as our June “Vector Analysis,” Dr. Mary 
L. Boas and Dr. J. J. Hupert, both of DePaul Uni- 
versity. Dr. Hupert also contributed “Network Ana- 
logs for Mechanical Systems” (June 1960), and Dr. 
Boas has actively lectured and published in mathe- 
matics and mathematical physics. —A.E.R. 
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TENSORS ARE A generalization of scalars and vectors; let 
us look at some examples. A scalar is a tensor of order 
zero, and a vector is a tensor of order one; the reader is 
already familiar with these. In three-dimensional space, 
a scalar has one (or 3°) “component,” a vector has three 
(or 3) components, a second-order tensor has nine (or 3?) 
components, and in general a tensor of order nm has 3” 
components. 

After scalars and vectors, second-order tensors are the 
most useful in applications, so we shall consider an ex- 
ample of such a tensor. There are stresses and strains in 
the material of a beam carrying a load. If we imagine 
cutting the beam in two by a plane perpendicular to the 
x-direction, we realize that there is a force per unit area 
exerted by the material on one side of our imaginary cut, 
on the material on the other side. This is a vector, so it 
has three components X,, Y,, Z,, where the x subscript 
is to emphasize that this is a force across a plane per- 
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pendicular to the x-direction. Similarly, if we consider a 
plane perpendicular to the y-direction, there is a force 
per unit area across this plane, X,, Y,, Z,; and finally, 
across a plane perpendicular to the z-direction, there is 
a force per unit area X., Y., Z.. At a point in the material, 
then, we have a set of nine quantities which could be 
displayed as a matrix: 


This is a second-order tensor known as the stress tensor. 
The forces (per unit area) X,, Y,, Z, are pressures or 
tensions; the others are shear forces. For instance, Y, is 
a force per unit area in the y-direction acting across a 
plane perpendicular to the z-direction; this force tends to 
bend the beam. We shall see later that the stress tensor 
has important applications in electromagnetic theory. 


The reader should recall that just any set of three 
quantities is not necessarily a vector. (/)* If we know 
the components of the electric field E relative to one set 
of axes, the component of E in any direction, or its com- 
ponents relative to a rotated set of axes, can be found by 
taking projections. Then the new components are definite 
combinations of the old components. This statement is 
the basis for the really careful mathematical definition 
of a vector which we are going to consider. A similar 
fact is true about tensors; for example, the second-order 
stress tensor we have just described. We could imagine 
cutting the beam by a plane perpendicular to the vector n, 
and ask for the force per unit area acting across this plane. 
It can be shown that this force is a certain combination 
of the nine components of the stress tensor. In other words, 
tensors of all orders, like vectors, have physical meanings 
which are independent of the reference coordinate system 
and there are definite mathematical laws which relate their 
components in two systems. 


We shall now investigate the effect of coordinate trans- 
formations on vectors and then use our results to define 
tensors. A rotation of axes is a useful simple example to 
illustrate the ideas involved. Let xyz be a set of rectangu- 
lar axes and x’y’z’ another set obtained by rotating the 
axes in any manner, keeping the origin fixed. We set up 
a table specifying this rotation by giving the cosines of 
all the angles between the different axes. In the table, /, 
means the cosine of the angle between the x and the y’ 
axes, etc. 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Let i, j, k be unit vectors along x, y, z and i, j’, k’ be 
unit vectors along x’, y’, z’. Then a vector r, as shown in 
Fig. 1, has components x, y, z or x’, y’, z’ relative to the 


two coordinate systems and can be written 
r=ir + jv+ kz =f'r' + jy’ +k?’ (1) 
Take the dot product of this equation with 7’: 
ref=i-it2+j-tfyt+k- iz =2’ 


But i+ i’ = the cosine of the angle between i and ii’ (i.e., 
between x and x’) since i and if are unit vectors, or 
i - ii = 1, from the table. Similarly, j + ii = m,, and 
k - i’ = n,. Then, 


v= hr + my + mz (2) 


Similarly, dotting r into yf and k’, and using the table, 
we get: 


v’ = be + mey + neo (3) 
z’ = har + my + nsz (4) 


These three equations are called the transformation equa- 
tions from the coordinate system S (i.e., xyz) to S’ (i.e., 
x’y’z’). 

In the same way, dotting r with i, j, k in turn, we 
would get equations for x, y, z in terms of x’, y’, z’. It is 


clear from symmetry that they would read: 


z= he’ + hy’ + |2’ ) 


(5) 


vy = maz’ + mov’ + m2’ 
z maz’ + ny’ + n3z’ 


4 


All this can be very concisely stated in matrix notation. 
What we have been calling a “table” is usually called the 
matrix M of the transformation. Then Eqs (2), (3) and 
(4) can be written in the matrix form: 


m ny 
me Ne 
Mm; 


or, in still simpler notation, 
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[r’) = [M] [r] (matrix equation) (7) 
where [r’], [M] and [r] stand for the matrices in Eq (6). 
Then Eqs (5) can be written: 

{r] = [M’] [r’] (matrix equation) (8) 
where [M’] is the transpose of [M] (rows and columns 
interchanged). 

So far we have been talking about r as a displacement 
vector. But Eqs (1) to (8) hold just as well if r is any 
vector (say, force, or velocity, or electric field). We have 
here in a special case (rotation of axes) the defining con- 
dition for a vector: V is a vector if its components in S 
and S’ satisfy an equation such as Eq (7); ie., [V’] = 
[M][V] in matrix notation or, in component notation, 


| Ve | V 
V,’ = (My) Vy 


Lvl Ly. 


There are two further steps we should take: (1) to 
simplify the notation, and (2) to generalize the type of 
transformation. 

First, our notation is unwieldy; for later work, it is 
convenient to make the following changes: Replace 


Fig. 1—Rotation of axes with fixed origin. 





by the array 


Vi 
and replace [M] by the matrix 


Qi ay 


ay a2 
| a3, Azz 
In this notation, Eq (6) becomes 


3 
! 
z;' = , Qj jr; 
boul 
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(i = 1, 2, 3) 


and Eq (9) becomes 


(i = 1, 2, 3) (12) 


For rectangular (often called Cartesian) coordinate sys- 
tems, we have now achieved our aim, and for many pur- 
poses one need go no further. A set of three numbers 
V; (i = 1, 2, 3) form a vector (Cartesian vector, if you 
like) if the components relative to any rotated system are 
given by Eq (12) where [M] = [a;;] is the matrix of the 
rotation. It is now easy to define tensors (Cartesian ten- 
sors). A vector as just defined is a tensor of first order 
(or rank). A tensor of second order has nine components 
(in three dimensions); call these components 7;; where 
i and j = 1, 2, 3. Then the components in a rotated system 


are: 
3 3 
sie > Sana T (k, | = 1, 2, 3) (13) 
1 g=i 


where, again, the a’s are the direction cosines in the rota- 


Table of Symbols 


*English Alphabet 


aij = tensor component 
[a;;] = rotation matrix ( = [M]) 
@), @ = base vectors not of unit length 
A;', Ai;, Aim* = components of tensors of various orders, contra- 
variant, covariant and mixed 
B = vector symbol, any vector, magnetic-flux-den- 
sity vector 
Biim, B;', B,.” = components of tensors of various orders, contra- 
variant, covariant and mixed 
= magnetic flux density, constant value 
= electric displacement vector; displacement field 
= determinant of matrix [J] 
= electronic charge 
= unit base vectors in general 
unit vector corresponding to coordinate x; 
electric-field vector 
= component / of E in phasor notation 
body force, defined as force /volume 
det [gi;] 
components of the tensor whose matrix 
is the reciprocal of [g;;] 
= components of the metric tensor 
magnetic field vector 
unit vector, rectangular coordinates 
= moment of inertia 
= subscripts denoting coordinates “‘x, y, z”’ or “1, 
2, 3”” in rotational sequence—i may thus mean 
any coordinate 


= Christoffel symbols 


=v-l 

= unit vector, rectangular coordinates 

= total electric-current density vector 

= conductance-current density vector 

= displacement-current density vector 

= matrix whose determinant is the Jacobian of a 
transformation 


= unit vector, rectangular coordinates 


K, [K;] 
i 
L 
m 


mm; 


r, r’ 

r 

[r] 

Ss 

S bounding V 

t 

Ti 

[73] 

[Tig] 

[Tig] 

[Tig ] 

T'apys, Ti jx, 
Zip TT}? 


= auxiliary vector of components K, 
= direction cosine 


angular momentum 
electronic mass 
direction cosine 
rotation matrix 


= transpose of matrix [M] (rows and columns in- 


terchanged ) 
electron concentration 


= normal unit vector 


components of normial unit vector 


= direction cosine 


component / of unit vector n° 
polarization vector 

position vectors relative to two different systems 
spherical coordinate 

position vector in matrix notation 

area of a surface 

surface enclosing volume V 

surface force 

vector component 

vector in matrix notation 

matrix form of a tensor; total-stress tensor 
stress tensor, magnetic part 


= stress tensor, electrical part 


components of tensors of various orders, con- 
travariant, covariant and mixed 


= vector component, covariant 

= vector component, contravariant 

= vector in matrix notation 

= the comma indicates a covariant derivative 
= vector 


ordinary components of U 
volume 

vector 

velocity 


= vector component 
= vector in matrix notation 


subscripts used alternatively, referring to rec- 
tangular axes x, y, Z 
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tion matrix M. A very simple example of a second-order 
tensor would be UV (N.B.: no dot or cross) where U 
(i.e., U,, U,, U,) and VW (i.e., V,, V., V,) are vectors. 
Then, the second-order tensor UV has the nine com- 
ponents 

U,V; U,V2 

UV; 

U3V; 


UV; 
U3V3 


U2 V2 


UsV2 


Since U and V are vectors, their components in a rotated 
coordinate system are, by Eq (12), 
3 


te ee eels, By ay 


po he 
i=l j=l 


Hence, the components of the second-order tensor UV are 


U,’V/' = + ay U; > aijV; 
‘ i 


= rectangular coordinates 
= rectangular coordinates in a different system 
coordinates, general 


[*] 
4 


pe me 


= position vector in matrix notation 


= auxiliary vectors of dimensions of force per unit 
area 


Hi, Vi, Zi components of the stress tensor 


*Greek Alphabet 


= propagation constant, magnitude 
= propagation constant (vector) 
.Yi = components of propagation constant 

= Kronecker delta (= 0 if i ¥ 7, = lifi = 7) 

= dielectric constant, MKS system 

= dielectric constant as a complex number 

= dielectric constant, real part 

= dielectric constant, imaginary part 

= dielectric constant in tensor form 
absolute value of €:2 
spherical coordinate 
eigenvalue in general, in an equation to be 
solved 

= eigenvalues; particular values of ) satisfying 
the eigenvalue equation 

= magnetic permeability, MKS system 
number of collisions per second 

= space charge 

= conductivity 

= spherical coordinate 

= a scalar function 

= electric susceptibility 

= cyclotron angular frequency 

= variable angular frequency; angular velocity 

= angular velocity as vector 

= grad ® 

= Laplacian of ® 
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= \ aya, ;UiV; 


foe 

7 
which is just Eq (13) with 7;; = U,;V; and T;,;’ = U,’V/’. 
Equation (13) generalizes immediately. A fourth-order 
Cartesian tensor is defined as a set of 3* or 81 components 
(T; jx, where i, j, k, 1 each take values 1, 2, 3—note that 
this gives 3 sets of subscripts or components) which 
transform to a rotated coordinate system by the equations 


Ta8y8' = ; 4g 50,481 T je (15) 
head 


ijkl 
A very important class of tensors is composed of those 
of zero order. If S is a tensor of zero order, then its 
transformation equation is, by analogy with Eq (12) for 
first-order, Eq (13) for second-order, and Eq (15) for 
fourth order: 


S'=S (16) 


In other words, a zero-order tensor has one component 
which is unchanged by a rotation of axes; it is called an 
invariant or a scalar. A simple example is the length of 
a vector, or a dot product of two vectors. 


Summation Convention 


As a further simplification of notation, it is customary 
to omit the summation signs in equations such as Eqs 
(12), (13) and (15). It must then be remembered that 
a summation is understood over any repeated subscript. 
According to this convention, 


aja; means a? + a,” + a;? 
a; jbjx means anbi, + Aisdor + disbse 


and so on. One must be very careful in using this notation, 

however. For example, we might be tempted to cancel 

a;; in the equation a;;b;, = aj;c;,. It is easy to see that 

this would be wrong if we write the equation out in detail: 
Girbiz + Giabdoxr + Gisbse = G1 jCie + A2jCox + G3 jCox 


The repeated index which is summed over is called a 
dummy index; like a variable of integration, it does not 
matter what letter is used for it. For example, 


2 2 1 
f rdr = £ idi = f u du, etc. 
1 1 2 


ajb; = ajbj = axby = arb; + arabe + ayb; 


Similarly, 


So far we have considered only a very special coor- 
dinate transformation—namely, a rotation of rectangular 
axes; we should generalize this to include any change of 
variables, such as to spherical coordinates: 


rz =rsin @ cos ¢ | 
y =rsin@sin ¢ (17) 
z =rcos@ J 


Comparing Eqs (5) and (17), we see that for a general 
change of variables there is not a table of direction 
cosines relating the variables [in mathematical language, 
a coordinate transformation such as Eq (17) is not linear]. 
However, let us find the differentials of the transformation, 


Eqs (17). 
dr = sin @ cos gdr + rcos@cos ¢ dé — rsin@ sin ¢ de) 
dy = sin @sin g dr + rcos@sin g dé + rsin@ cos g deg (18) 


dz = cos@dr — rsin6 dé J 





We see that there is a linear relation between the dif- 
ferentials in the two coordinate systems, and we can write 
equations such as Eqs (2) to (8) for relations between 
differentials rather than coordinates. For example, the 
equations corresponding to Eqs (5) are 


d. sin 6 cos ¢ : 


dy |= de (19) 


rcos @cos g *—rsin @sin ¢ dr 


dz ‘OS ; —rsin 6 ; dg 


We generalize this to cover any coordinate transformation 
(change of variables). Let x,, x., x, and x,’, x.’, x,’ be 
the variables in any two coordinate systems (not neces- 
sarily Cartesian). In the spherical coordinate example 
above, x,, tq 3, — % Y, COZ, he Ge Kt ee 
variables are related by equations such as Eqs (17) so 
that each x; is a function of the variables x;’. Then, 


or; 
Ox,’ 


= ‘ * ~ dz,’ 
deme) 


‘ 


, or: z or ; 
dz; = dz; = — dz. += * dz; 
OL2 O73 


OF ; ee ‘ O22 
;) = dz,’ + —; dr.’ + — dz,’ 
Oz; O22 O73 


| ae 
= , = dz;' 
Or; 


bnoe 


as in Eqs (18). 
In matrix form as in Eqs (19), 


Or; on 
On,’ Or’ 


OF O22 
Or 5 Ore 


, 


Or; Or; 
| Ox,’ Or.’ Oz;' | 


The determinant of the matrix [J] corresponding to [M’] 
in Eqs (5) and (8) is known as the Jacobian of the trans- 
formation. Equations (20) and (21) can also be written 
in notation corresponding to Eqs (8) and (11): 


[dz] = [J] [dr’] (matrix equation) 


Or; 


dr; = dr;' 


/ ay 
/ Or; 


3 


using summation convention. 

In the same way in which we defined a Cartesian vector, 
we could now define a vector, in general, as a set of three 
components which transform in the same way as do the 
variables dx;. There is a complication here, however. If 
we write Eqs (21) and (22) solved for dx’ instead of dx, 
the partial derivatives are now of the form 0x’/dx instead 
of 0x/dx’: 


dz;’ = > (23) 


Now, in the case of Cartesian tensors (only transforma- 
tions between rectangular axes considered), 


ox,’ Or; 


Ox; ox,’ 


This can be seen from Eqs (2) to (5), or (6) to (8); 
e.g., dy’/a@z = n, = the cosine of the angle between y’ 
and z; also, dz/dy’ = the same cosine. We could then 
write Eq (23): 


dz,’ = ™ 
0 


Lael 


2 


for the Cartesian case only. For a general transformation 
(such as from rectangular to spherical coordinates) it is 
no longer true that 0x;’/dx; = 0x;/dx;’. From Eq (17): 


or 
=rcosécos¢ 


But since 


‘ c — 22 —rcos @rsin’@ cos ¢ 
—sin 6 => - 32" 
az @+y¥ +P 5 


09 cos 6 cos ¢ or 
= a 


or r 06 


Consequently, there are two reasonable definitions of a 
vector, corresponding to the two forms for dx,’ in Eq (24), 
and in fact both are used. In general, the two definitions 
are distinct; for the Cartesian case they are identical. By 
definition, V is a covariant vector if its components trans- 


form like this: 
Vi ) Sty, (25) 
Or; 


i 


and V is a contravariant vector if its components trans- 
form like this: 


(26) 


It is clear from Eq (23) that the differentials dx; of the 
coordinates form a contravariant vector. Consequently, 
the velocity components dx,/dt form a _ contravariant 
vector. For, by the rules of partial differentiation, 


dx;’ - \' or; dr, 


dt Zs Or; dt 


3 


which is just Eq (26). Physically, the velocity vector 
dx;/dt might represent (in hydrodynamics) the velocity 
of a fluid at each point; or (in electricity) it might repre- 
sent the velocity of moving charge at each point. 

A simple example of a covariant vector is the set 


Ee (or = 
a a Ox; 


where ® is a scalar function (this is grad ® in Cartesian 
coordinates). To prove it is covariant, we change variables 
to the primed system by the ordinary rules of partial 
differentiation: 
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Ob db Or 
ox’ ax dz’ 


am dv Ob Oz 
dy dx’ dz dz’ 


and similarly for y’ and z’, or in the more compact sub- 


script notation 
a> = ab az; 
dx;' fy Ox; Ax; 
7 


which is of the form of Eq (25) defining a covariant 
vector. Since E = —grad © in electricity, we see that the 
electric field is a covariant vector. Similarly, force in 
mechanics is a covariant vector. 

It is interesting to see the physical or geometrical mean- 
ing of contravariant and covariant vectors. Strictly speak- 
ing, we should speak of contravariant and covariant com- 
ponents, rather than vectors, but this is not usually done. 
Any vector has three kinds of components: contravariant, 
covariant, and what we might call ordinary components. 
It is simplest to discuss this in two dimensions. We con- 
sider a transformation from rectangular coordinates x,y 
to polar coordinates r,@, Fig. 2. Corresponding to the 
familiar unit vectors i,j along the x axis, we choose at any 
point (x,y) or (7,8) unit vectors e, and e, in the r and @ 
directions. Such vectors are called base vectors for a 
coordinate system. Any vector, say E, the electric field 
at (x,y), can now be decomposed into its components in 
either coordinate system: 


E = EA+ E,j = He. + Eee 


(These are ordinary components and have the physical 
units of the vector itself—volts/meter in this case.) Now 
consider the displacement vector 


dr = idr + jdy = edr + e»rdé 


Notice especially the rdé@. With r constant, an increase 
dé in @ causes a displacement of amount rdé, not d@; the 
r is a scale factor. This is an effect of the “curved” co- 
ordinate system. We know from Eqs (23) and (26) that 
dr, d@ (not rd@ here) form a contravariant vector or, in 
other words, they are the contravariant components of dr. 
To write this explicitly, we choose different base vectors 
(not necessarily of unit length); here we take new base 
vectors a, = e, and a, = re,. Then 


dr = adr + andé 


expresses dr in terms of its contravariant components dr, 
dé. For some other vector, say E, 


E = E,e, + Kee: = Ea + oe a, 


Thus, the contravariant components are the ordinary 
components divided by the scale factors. Similarly, we 
know from Eqs (25) and (27) that d@/dr, 0/00 are the 
covariant components of a vector [in fact, of ¥®, whose 
ordinary components are 0®/dr, (1/r)(d®/00)]. Thus, 
the covariant components of a vector are the ordinary 
components multiplied by the scale factors. We could 
choose still another set of base vectors [e, and (1/r)e.] 
for the covariant components of a vector. Contravariant 
and covariant components of vectors (unlike ordinary 
components) may have very peculiar physical units. For 
instance, in the above illustration, the units of the second 
contravariant component of the electric field are volts/- 
meter’, and the units of the second covariant component 
are volts. 

It is fair to question why there should be any 
interest in these peculiar components, and why we should 
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Fig. 2—Transformation from rectangular to polar coordinates. 


not always use the actual components. The reason lies in 
the simplicity of Eqs (25) and (26); a vector usually 
has a simpler form in a curvilinear coordinate system 
(polar, spherical, etc.) when stated in terms of its con- 
travariant or covariant components rather than its ordinary 
components. When we say that a vector is covariant (or 
contravariant), what we really mean is that its covariant 
components (or contravariant components) are simplest. 
For example, E is covariant; i.e., the covariant components 
of E are simpler than the ordinary or the contravariant 
components of E. After the necessary mathematical mani- 
pulations are done in the simpler form, it is easy enough 
to change back to ordinary components to get a physical 
interpretation of the results. 

As a simple illustration of the use of this theory, we 
find the components of the electric field E in spherical 
coordinates. If ® is the scalar potential, E = —v®. The co- 
variant components of ¥® are d®/dr, 0/30, d®/dv. The 
scale factors in spherical coordinates are 1, r, r sin @. 
Then the ordinary components of E are 


sae 
rsin@ deg 


It is now straightforward to define tensors of any kind. 
Tensors may be covariant of any order, contravariant of 
any order, or mixed. Some examples should suffice to 
show the general definitions. One further point is necessary 
here in notation. It is customary to write the indices for 
contravariant vectors and tensors as superscripts rather 
than subscripts; they must not be confused with exponents. 
We have not done this so far, and it is not really essential 
for vectors; let us, however, for the record, rewrite 
Eq (26) in this notation: 


dz; 
as 
——Vi _ contravariant vector 


Oz; 


? 


(In fact, to be strictly consistent, since the differentials 
dx; are contravariant, we should write dx‘ and @x‘/dx’); 
for our purposes this seems unnecessary, so we shall leave 
the notation as it is). Here are some sample tensor defini- 
tions: 


Or, OTF 


‘ T,, | second-order 
, 9 / 
Or; OF; 


covariant tensor 


Or; Ar; Ox,’ 


Timn third-order 
Ort OLm OLn 


contravariant tensor 


, 


Or; Ox; On 
Or, OLm OL%' 


third-order mixed 
tensor with one 
covariant and two 
contravariant indices 


lm 
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Remember, however, that for Cartesian tensors (i.e., 
tensors considered relative only to rectangular axes) there 
is no distinction between contravariant and covariant; in 
fact, all three kinds of components—contravariant, co- 
variant, and ordinary—are identical. This is because the 
factors @x/ax’ and @x’/dx are equal, both being the cosine 
of the angle between x and x’. 

A very significant question may have occurred to the 
reader: if tensors are defined according to transformation 
laws, such as Eq (28), why can we not make just any 
set of components (three for a vector, etc., given in one 
coordinate system) a tensor by defining its components in 
another system by the desired transformation laws? We 
have here a significant difference between mathematics 
and engineering or physics. The mathematician would be 
free to do precisely what we have suggested in the ques- 
tion. But if we are discussing a physical entity, we are 
not free to define its components in various coordinate 
systems; they are determined by physical fact. We merely 
give a mathematical description of the entity and identify 
it as a scalar, a vector, a second-order tensor, etc. The 
reader is accustomed to thinking of a vector as a single 
entity, although he knows it may be described by a set of 
components relative to a coordinate system. In a similar 
way, a tensor may be thought of as a physical entity 
which has significance independent of the coordinate sys- 
tem used to describe it. 

Having discussed the mathematical definition of tensors, 
we turn now to some physical and geometrical examples 
of them and of their meaning and use. 

If a rigid body is rotating about a fixed axis, then 
L = Jw is a correct vector equation where L is the angular 
momentum, / is the moment of inertia of the body about 
the rotation axis, and w is the angular velocity. As indi- 
cated by the equation, L and w» are parallel vectors and 
I is a scalar. But in general, when the rotation axis is not 
fixed, the angular velocity and the angular momentum 
are not parallel. If the equation L = Jw is to be true, / 
cannot be a scalar; it must be some quantity which, mul- 
tiplied times w, gives a vector in a different direction. (We 
shall see that J is, in fact, a second-order tensor.) First 
let us look at some other similar physical examples. In 
an isotropic medium, the electric polarization P is a vector 
parallel to the electric field E and P = xE where x is the 
electric susceptibility, a scalar independent of the co- 
ordinate system. In a non-isotropic medium, this may no 
longer be true, and again we need a mathematical quantity 
which can change one vector into another in a different 
direction. A similar equation relates the magnetic polari- 
zation and the magnetic field. As another example: in 
elementary physics, we say about materials within the 
elastic limit that stress equals Young’s modulus times 
strain, where stress and strain are parallel and Y is a 
scalar. In a general case, not only are stress and strain 
not parallel, they are not even vectors, but are themselves 
second-order tensors with Y a fourth-order tensor. And 
still another example: if a liquid is flowing through a 
non-isotropic medium under pressure, the velocity of the 
liquid may not be in the same direction as the pressure; 
again, we want an equation relating two non-parallel 
vectors. 

Let us now investigate how we can turn one vector into 
another by multiplying it by something. We might think 
first of a cross product, but this would give only vectors 
perpendicular to the one with which we started. First 
recall that the quantity obtained by writing two vectors 
side by side is a second-order tensor. If U; and V; are 
vectors (say, Cartesian, for simplicity—similar formulas 
can easily be written for the contravariant or covariant 
cases), then UV is a second-order tensor, as Eq (14) 
shows. Now in elementary vector analysis, we often write 
vectors in terms of i, j, and k, say V = i — j, and 
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U =i-+ 3k. We can write tensors in a similar form. Note 
carefully that UV is not a dot or a cross product; this is 
what it means: 


UV = G+ 3K) — j) = ii — ij + 3ki — 3kj 


Such an expression is called a dyadic. It is merely one 
way of writing down or identifying the components of 
a second-order tensor. Another very good way of ex- 
hibiting the components of a second-order tensor is as a 
matrix. Because a second-order tensor has just the right 
number of components to fill a 3 x 3 matrix, there is a 
very close correspondence between the mathematics of 
matrices and of second-order tensors. The above dyadic 
could be displayed as the matrix 


l 1 -1 
0 0 
| $= «4 


Now, suppose we take the dot product of the above tensor 
(dyadic) with a vector, say i. It makes a difference whether 
we multiply by the i from the right or the left—we speak 
of pre-multiplication and post-multiplication: 


i- (ii — ij + 3ki — 3kj) = 
@-Di-— G@- Dj +30-ki -30-kK)j=i-j 
Gi — ij + 3ki — 3kj) -i =i + 3k 


We have achieved our aim of finding a mathematical 
quantity which can change one vector into another vector, 
and we see that such a quantity is a second-order tensor 
or dyadic. In a similar way, it is possible to write higher- 
order tensors, but since the number of components 
becomes large very rapidly, this is seldom done. (A zero- 
order tensor—i.e., a scalar—is a single number; a first- 
order tensor—i.e., a vector—is a set of three numbers; a 
second-order tensor has nine components; a third-order 
tensor has 27; a fourth-order tensor has 81, etc.) To 
exhibit a third-order tensor in something like matrix form 
one would need a 3 x 3 x 3 cube to contain its 27 com- 
ponents, and for a fourth-order tensor one would need a 
four-dimensional space. Consequently, it is usually best 
in dealing with higher-order tensors to work with the 
symbols (such as 7;;,) for one component and write 
equations in component form with summation signs rather 
than in the vector or dyadic or matrix forms. However, 
the second-order tensor is one of the most useful and 
important ones, so it is worthwhile to use all three nota- 
tions: tensor component, dyadic, and matrix. 


Tensor Operations 


e a. The sum or difference of two tensors of the same 
order and type (contravariant, covariant, or mixed) is a 
tensor of the same order and type. This is true because 
both tensors transform the same way; consequently, their 
sum or difference does also—as can be seen from Eq (28). 


e b. The product of two tensors. (Sometimes called 
outer product, but this term has another meaning also— 
see vector product later.) This can best be understood by 
some examples. One example has already been discussed: 
the product UV of two vectors is a second-order tensor 
whose components are 7;; = U;V;. As another example, 
the product of the second-order contravariant tensor A‘/ 
with the third-order covariant tensor B,;,, is a fifth-order 
mixed tensor whose components are Tym‘) = A‘JByim. 
It can be proved that it is a tensor of the order claimed 
in the same way that we proved that UV is a second-order 
tensor. 
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e c. Contraction. Consider a tensor A;;'. If we put 


i = j and sum over the repeated index, 
Ti 
a 


the result can be shown to be a tensor, B,; this process is 
called contraction, and can be performed for tensors of any 
order. It simply means summing over one covariant and 
one contravariant index. Notice that this reduces the 
order of the tensor by two. As another example, contract- 
ing the fifth-order mixed tensor A ;,;,,' gives 


% Ajxkin' Brim 


/ 


eed 
< 


a third-order covariant tensor. 


e d. /nner muliplication means multiplication followed 
by contraction. If we multiply the covariant vector U; 
by the contravariant vector V/, we have the second-order 
mixed tensor 7;/ = U,V’. If now we put i = j and sum 
over the repeated index, we get 


7 Ti = T) + T? + T;? = U,V! + UAV? + UV! 
fennel 
‘ 


a scalar which is the dot (or scalar) product of the two 
vectors U and V. 


Some Special Tensors and Terminology 


e a. The tensor 7;; is called symmetric if T,; T ;;. 
Notice that for a second-order tensor this is the same as 
saying that the matrix [T;;] is symmetric. Similarly, if a 
tensor is symmetric with respect to any two contravariant 
or any two covariant indices, it is called symmetric. If 


Trim’? = Temi‘i, or Titm'? = Trtmi, or Trem’? = Trtm*’, ete. 
it is called symmetric. 


e b. The tensor 7;; is called skew symmetric or anti- 
symmetric if T;; = —T;,; again, this is formally identical 
with the definition of a skew symmetric or anti-symmetric 
matrix. Similarly, a tensor 7;.),,‘/ of higher order is skew 
symmetric if Ty1,'4 = —Thm *, ete. 


e c. The Kronecker 4, 


lifi=j 
6;* = f \ 
loinix;) 
is a mixed second-order tensor. This is easy to show from 
the tensor definition. By definition of the Kronecker §, 


8,* must be 1 if kK = 1, 0 if k A 1. We have only to show 
that these follow from the transformation equations: 


Ox,’ 82; 
Oz; Oxy’ 


_ 
6;* = i 


' Oxy’ O24 


Or; Or’ 


since 8;' = O unless i = j. By the rules of partial 
ferentiation, 
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¥ Or,’ Oxy so Orr’ oy Lif k = t\ 
Ly ox ar’ or! loitk iS 

since the coordinates x’ are a set of independent variables. 
This is just our required definition of 5,”. 


e d. The metric (or fundamental) tensor g;; is a 
second-order covariant tensor. We shall show that this 
follows from the fact that the arc length ds* is invariant 
(i.e., the distance between two points is the same measured 
in any coordinate system) : 


a= ) 


9ii drjdz; 


gr’ dry dr,’ 
ki 
The quantity in parentheses is then g;,,’ and this is the 
proper transformation for a covariant second-order tensor. 
If [g;;] is thought of as a matrix, the elements of the 
inverse matrix are denoted by g‘/ and can be shown to 
be the components of a second-order contravariant tensor. 


e e. Associated tensors. If A; are the components of a 


covariant vector, then 


are the components of the associated contravariant vector 
and are denoted by A/. Similarly, there is associated with 
a contravariant vector B‘ a covariant vector 


B; = \ gi; Bi 


io 
7 


Similar definitions can be given for tensors of any order. 
This process of finding associated tensors is referred to 
as raising or lowering indices. Consider only orthogonal 
coordinate systems so that the metric tensor g;; is diagonal. 
In spherical coordinates, 


1 0 0 
[gj] =| 0 , 0 


0 0 r? sin? @ 


It is not difficult then to find that 


| l 0 0 
M=wi~-|e - 


2 
0 0 . a 
m™ sin? @ 
and, in fact, in general for an orthogonal system, g'* = 
1/g;;. Recall also that for orthogonal systems we can use 
scale factors h; = \/gii; here h, = 1, h, = 7, h, = 
r sin 6. We have also shown previously that any vector has 
ordinary components, covariant components (which are 
ordinary components times the scale factors), and con- 
travariant components (which are ordinary components 
divided by the scale factors). Then, contravariant com- 
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ponents are covariant components divided by the squares 
of the scale factors; i.e., by h;*, which is g;;. For this 
special case of orthogonal systems, the definition of the 
associated tensor A' is: 

A‘t= \ Ry Sas = Aa eS 


mere 
2 


and, stmilarly, 


B; = \ gi;B* = 9;;Bi = h?Bi (not summed) 


a 
‘ 


Thus, a pair of associated tensors are just what we have 
previously called the covariant and contravariant com- 
ponents of a single tensor. 


Vector Operations in Tensor Notation 


e Scalar product. The scalar product of two vectors 
U and V is simply the inner product 


N Us} Lor) UV 
oe 


—— 
. . 


where one vector is taken as covariant and the other as 
contravariant. Or, since 


U; = *' gi; U? 


aos 
a 


the scalar product may be written as 


\ gigU'V? 

hood 

7 
Notice that (for orthogonal systems) this reduces to the 
familiar form in terms of ordinary components because 
the scale factors cancel out. 

e Vector product (also sometimes called outer prod- 
uct). The vector product T of the vectors U and V can be 
defined as T;; = U;V; — U,V; (and a similar definition 
can be given in terms of the contravariant components of 
U and V). We see that the vector product so defined is 
not a vector but a skew-symmetric, second-order tensor. 
Why, then, in vector analysis, can we call it a vector and 
use it as a vector? In two dimensions or more than three, 
we would not be able to; this is a very special result pos- 
sible only in three dimensions. Of course, a vector product 
in ordinary vector analysis is meaningless in two dimen- 
sions. Here it is not meaningless; it can in fact be shown 
to be something like a scalar (a pseudoscalar, which we 
shall discuss later). In three dimensions, let us look at 
the nine components of 7;;: T,, = U,V, —U,V, = 0; 
similarly, T.. = T,, = 0; T,, = U,V, — U.V, = —T:.,; 
similarly, T,, = —T,, and T,, = —T,». ; 

Except for the + signs, there are really just three com- 
ponents of 7;; which are not zero—exactly the right num- 
ber of components to form a vector. This happens only 
in three dimensions. But are these three quantities actual- 
ly the components of a vector? That is, do they transform 
properly? Let us define 


T; = Tx, T: = Tu, T; = Tre (29) 


(note the cyclic permutation of indices), and investigate 
how the 7; transform. The method will be indicated by 
working with one component. 
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Since T;; = —Tj,;, this becomes 


T! = Tx ( Ox, OL2 _ OF2 sar) + 


Or,’ O23’ Ox,! oz;’ 


7" ( Or; OX Or; Or3 ) 
fr am + 


Oro’ O73 Ox.’ Oz,’ 


Ore OX; Or; 
T 25 * . a?) hl Uae 7 
Ore OX; OF, O73 


Now, the matrix [J] of the transformation from the x’ 
to the x coordinates, and the matrix [J’] of the inverse 
transformation from the x to the x’ coordinates, are 


Or, Or; Ox; 
Ox;' 


’ 


Or; 0X2 


Ore Ore O22 
Ox, O22’ O23’ 
Or; OF; O23 

or,’ Ors’ Oz;’ 


or,’ ory’ On,’ 
or; O22 OX; 


Or,’ Or’ Or’ 


Or; Ore Ox; 


Ox,’ O73" Or;" 


or; O23 Or; 


These matrices are inverses: [J’] = [J] (since [dx] = 
[J\[dx’] and [dx’] = [J’\[dx], then [dx] = [J][J’][dx], and 
so [J][J’] = the unit matrix). Using the rules for computing 
an inverse matrix, we can compute the parentheses multi- 
plying T;; in Eq (30). 


0 Are Ore O . . 21: 
= ~ — — = aa = minor of element 31 in [J] 
OFe OX Ore’ OX; 
= (—1)**'- cofactor of element 31 in [J] 
= (det J) - element 13 in [J’] 
= (det J) . Oz,’ /dz3 


Similarly, each of the parentheses in Eq (30) can be re- 
duced to a single partial derivative times (det J). Substi- 
tuting these results and also Eq (29) into Eq (30), we get 


de fe ae ao a 
Tr’ = (7. T T:- + T.- ; 
Ors; 


Ore or; 


2 T ot_(det J) 
Or ; 


By a similar discussion, we find for all three components 
On Be: 


) cadet J) 


T;' = > T,27_(det J) (31) 
vs Or; 


Except for the factor (det J), this is the transformation 
law, Eq (26), for a contravariant vector. We call T a 
relative vector of weight one [the weight is the power of 
(det J) in the equation], a pseudovector, or an axial 
vector. There are also pseudoscalars and pseudotensors. 
The true or absolute vectors or tensors we have discussed 
previously are tensors of weight zero. 

As we said at the beginning, we can also define T in 
terms of the contravariant components of U and Y; this 
will give the covariant components of the relative vector 
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T. If we define g as the determinant of [gi;] and g’ as 
det[g;;’] in the x and x’ systems, it can be shown that 
(det J)? = g’/g. Then, (1/\/g)T;; and \/g T‘/ trans- 
form like contravariant and covariant vectors, respectively, 
except possibly for a minus sign in det J. We shall now 
discuss the meaning of this. 


Pseudo Quantities and Their Meaning 


If we consider only rectangular axes (i.e., Cartesian 
tensors), the contravariant and covariant components of 
T become identical with the ordinary or physical com- 
ponents, and we can more easily discuss the physical 
meaning of pseudo-quantities. In this case, [J] is an 
orthogonal matrix, so det J = +1. We want to ask the 
physical meaning of det J = 1 or det J = —1. If the x 
system and the x’ system are the same, then [J] is the unit 
matrix with determinant +1. Now, let the x’ system 
be rotated slowly in any way and consider the change in 
[J] as this is done. Since [J] is a continuous function of 
the x coordinates, it cannot have a sudden jump in its 
value as the coordinates change slowly; thus, it must 
remain +1 for any rectangular coordinate system for 
which the triad of unit vectors i’j/k’ can be obtained from 
the ijk set by a rigid body rotation. However, suppose we 
consider the following special transformations: (1) from 
rectangular axes xyz to rectangular axes x’y’z’ such that 
x = —x, y = y, 2 = 2z; this is called a reflection. Then 


0 0 


and det J = —1; (2) from xyz to x’ = 


z’ = —z; this is called an inversion. Then 
—] 0 0 
[J] = 0 —|] 0 


0 0 —1 


and det J = —1. Both of these transformations correspond 
to a change from a right-handed to a left-handed coor- 
dinate system, or vice versa, as shown in Fig. 3. Now, if 
the prime system in either case is rotated slowly, the 
value of det J again cannot jump suddenly and thus 
remains = —1l. Thus, any two rectangular coordinate 
systems are so related that det J = +1 if both are right- 
handed or both left-handed; if one is right-handed and 
one left-handed, then det J = —1. A true or absolute 
vector has the same transformation equation in both cases 
[Eqs (12), (25) and (26)]; a pseudovector obeys Eq (31) 
and so transforms like a vector only if we do not change 
from a right-handed to a left-handed system. 

To see more clearly what happens physically, let us 
look at the two special transformations (1) reflection, 
and (2) inversion. The vector r is an example of a true 
vector; if all axes are reversed in direction (inversion), 
all the components of r change sign. A cross-product ot 
two true vectors A and B is an example of a pseudovector. 
Under inversion, all components of the true vectors change 
sign; then, the components of A X B do not change sign: 





(A x B). - A,B, = 1,B, = ( A,)( B,) . ( 1,)¢ B.) 
Similarly, for a reflection—say, x” = —x—the true vector 
has its x component change sign, but its y and z com- 
ponents do not; the y and z components of the pseudo- 
vector change sign, but the x component does not. 

A graphic way of illustrating this difference is to pic- 
ture an actual reflection of the vectors in a mirror as 
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F od 
ae Left - handed 


A Right - handed 
x 


x 


i 


a“ 


\ sinenbentiomai i 
| 


Right-handed Left-handed 


, 


Fig. 3—Transformations of coordinates: reflection (top) and 
inversion (bottom). 


shown in Fig. 4. The true vector (also called a polar 
vector) behaves like an arrow which is reflected in the 
mirror. The pseudovector (also called an axial vector) 
behaves like the vector representing a current loop or an 
area. Imagine the current flow in Fig. 4(a) reflected in the 
mirror; then the vector representing the reflected current 
loop points down. Similarly, as shown in Fig. 4(b), true 
and pseudovectors behave in opposite ways. We see that 
the electric field E is a true vector, while the magnetic 
field B is a pseudovector. There are also pseudoscalars. 
A true scalar is an invariant—i.e., it has the same value 
in all coordinate systems. For example, the magnitude of 
a vector is invariant. A pseudoscalar changes sign under 
a change from a right- to a left-handed coordinate system. 
An example would be a dot product of a true vector and 


True vector 


+ ( | 5 Pseudovector 
(a) 


———>_ True vector 


——> Pseudovector 


(b) ¥. Mirror 


Fig. 4—Mirror reflection of true and pseudovectors: (a) the 
pseudo- or axial vector representing the current loop points 
downward when reflected; and (b) when horizontal, true and 
pseudovectors again behave in opposite ways. 
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a pseudovector—for instance, the triple product A-B x c 
of three true vectors, A, B, and C. Then B xX C is a 
pseudovector, so A+ B X Cisa pseudoscalar, and changes 
sign under reflection. The curl of a true vector is, like a 
cross product, a pseudovector, but the curl of a pseudo- 
vector, like the cross product of two pseudovectors, is a 
true vector. Vector equations must always have either 
true vectors on both sides or else have pseudovectors on 
both sides; the two kinds of vector cannot be mixed in 
the same equation. In the Maxwell equation y X E = 
—@B/at, E is a true vector, so ¥ X E is a pseudovector 
and so is B/at. Inv X H = J + (@D/00), H is a pseudo- 
vector, ¥ X H is a true vector, and so are J and 9gD/d1. 


Differential Operations in 
Tensor Notation 


In order to define gradient, divergence, curl and Lapla- 
cian in general tensor form, we must first define covariant 
differentiation and the Christoffel symbols. The Christoffel 
symbols are expressions involving derivatives of the com- 
ponents g;; of the metric tensor. In rectangular coordinates 
(where g;; = §;;), the Christoffel symbols are equal to 
zero; in curvilinear coordinates, their function is to pro- 
vide the extra terms which arise when a derivative is 
calculated in curvilinear coordinates. For example, the 
velocity of a particle in plane polar coordinates has com- 
ponents 7 and ré@, but the time derivatives of these do not 
give the acceleration components. This corresponds in 
ordinary vector notation to the fact that the unit vectors 
are not fixed in direction as we go from point to point. 
We define the Christoffel symbols of the first and second 


kinds: 
cs py Lf Ogix , OG 9G; 
(cz, &) eS — t+ - 


2 Or; Ox; Or; 


art Ps, % iT] 
li J ' — 


‘ 


The Christoffel symbols are not themselves tensors. 

As we have said, the derivatives of the components of 
a vector do not give the components of the derivative of 
the vector in curvilinear coordinate systems. The follow- 
ing expression is called the covariant derivative of the 
vector U‘ and is denoted by U,,' (the comma indicates 
the covariant differentiation); this is the correct expres- 
sion in curvilinear coordinates for what would be just 
oU'/dax; in rectangular coordinates: 


; aU‘ ae 7 j i { Uk 
oe; Lis 8) 


Similarly, the covariant derivative of U; is 


U; 


These expressions are, as the notation indicates, second- 
order tensors. In a similar way, covariant derivatives of 
tensors of any order can be defined; a covariant derivative 
is always a tensor with one more covariant index. 

We can now define the various differential operations 
in tensor notation. 


e Gradient. y® = ®,; the covariant derivative of ®. 
This is, for a scalar ®, the same as the ordinary derivative 
0®/ dx;. (Note that these are the covariant components of 
vo). 

The gradient of a vector or tensor of any order is its 
covariant derivative, and so is a tensor of one order higher. 
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© Divergence. The divergence of U‘ is the covariant 
derivative contracted: 


(This gives a scalar; note that U‘ is contravariant.) 
Similarly, the divergence of any tensor is its covariant 


derivative contracted (on its first contravariant index): 
for example, 


It is a tensor of one order lower; for example, the 
divergence of a second-order tensor is a vector. 


e Curl. The curl of U; is a skew-symmetric second- 
order tensor (covariant) just as the cross product was, 
and so is a pseudovector (contravariant): U;,; — U;,,;. 
This expression simplifies to (0U;/dx;) — (@U;/dx;). 
(Note that U; is covariant.) As in the cross product, we 
divide the covariant tensor components by \/g to obtain 
the components of the contravariant vector. 


e Laplacian. The Laplacian of © is y°, or div grad 9; 
it is formed by a combination of the definitions of div 
and grad. (Note that ®,; is covariant; its contravariant 
components must be found before taking its divergence.) 

This general tensor notation is of great theoretical value 
because it makes it possible for us to state physical laws 
in a form which is the same for all coordinate systems. 
However, from the more practical point of view, it is 
fortunate that the above expressions can be reduced to 
forms which are much easier to remember and to use 
for computation. We shall omit the somewhat involved 
algebra and merely state the results. 

Recall that [g;;] is the metric tensor (coefficients in ds?), 
g is the determinant of [g;;], and [g‘/] is the matrix which 
is the reciprocal of [g;;]. For orthogonal systems with 
scale factors h,: 


(@ # J) 
Vg = hyhoh: 
j Wh? ( = 7) 
Lo (i ¥j) 


fi- 


Although we are usually interested in orthogonal sys- 
tems, the formulas below which do not involve scale 
factors are general: 


e Gradient. y® has covariant components (0®/0x;) 
and consequently ordinary components (1/h;)(d®/0x;). 


e Divergence. 
. ets a 
-U =—— Vv gU' 
v 5 > az, § gU') 


where the U' are the contravariant components of U, of 
for orthogonal systems: 


_1N\' af y-u 
vu-7) a (V9, 


where the % ; are the ordinary components of U. 
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e Curl. 
aie. hy AAU s) _ ah Py) 
(Vv x U); —_ Fl Ore yee | 


where ijk = 123 or 231 or 312, and the &; are the 
ordinary components. (Omitting the scale factors h; would 
give a general formula for the contravariant components 
of curl U in terms of the covariant components of U). 


e Laplacian. 


;\' 6/..~. 
® =— - C8 coe 
. 1) a (Vos Ox; 


ij 
The reader should observe that these formulas when ex- 
panded are just the formulas of vector analysis. For 
spherical coordinates 


] 
[gis] =] 0 
0 
l 


] 


r’? sin? @ 


Vg =rsin@ 


l 0 =a ab . 
a(. a l a ) 
00 (sin oF) . de ( sin 9 d¢ 


e Four (or more) dimensions. There are many applied 
problems involving more than three variables. In problems 
using two or three variables, it is often convenient to 
think of the variables as coordinates of points in a plane 
or in space. Thus we have parallel algebraic and geo- 
metrical statements: “the dot product of two vectors is 
zero” and “the vectors are perpendicular.” By analogy, 
in problems involving four (or more) variables, we may 
use geometrical language (there is no implication that 
physical space has more than three dimensions). Thus, a 
vector in n-dimensional space is a set of m quantities 
which transform according to Eqs (25) or (26) under 
a change of variables. Essentially, the whole mathematical 
theory which we have developed thus extends to any 
number of variables (dimensions). The one exception is 
the discussion of pseudovectors—only in three-dimensional 
space does a skew-symmetric second-order tensor have 
the right number of independent components to form a 
vector. 


Tensor Applications 


The Electromagnetic Stress Tensor 


Electric and magnetic fields exert stresses on volume 
distributions of electric charge density and of current 
density, respectively. We shall also show that time-variable 
electromagnetic fields exert stress on the medium itself. 
In the example which follows, we consider a “free-space- 
like’ medium, linear, isotropic, and homogeneous—and 
therefore of constant « and y. We shall neglect the effect 
of deformation of material media by stresses caused by 
the existence of electric and magnetic fields. (2) 

If p(r) is the charge density at a certain point r, and E 
is the electric field at that point, the force exerted on the 
charge per unit volume of the medium is Ep. This can 
also be written as 

Ep = E(y - D) (32) 


The dimensions of Eq (32) are force/volume; thus, we 
shall call Ep a body force, denoted by f. If we consider 
a limited volume V in which body forces are active, the 
total force on the body will be the integral of the body- 
force vector function over V; this is a vector integration. 

From the study of magnetostatics, we know that for a 
static or slowly varying magnetic field the body force 
function of position, or position and time (as the case 
may be), is equal to J X B. 

We shall demonstrate further that in rapidly varying 
fields there is still another part of the total body force 
acting in the medium resulting from the time variation of 
the Poynting vector. (3) 

Let us now consider a finite volume V of a medium, 
which is enclosed by an arbitrary surface S. If the volume 
V is to be stationary, we require also the existence of a 
field of surface forces t such that V is in equilibrium 
under the action of all the forces and torques on it. This 
last requirement may be expressed as: 


[avs tdS ="0 (33) 
Vv 


8S bounding V 
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for translational equilibrium and 


[ (r X f)dV + (r X t)hdS = 0 


vV 


S bounding V 


for rotational equilibrium. 

Let n be the unit vector perpendicular to § at any point. 
The surface force t in general does not act along n; 
however, we can consider vectors X, Y, Z such that: 


X-n =, } 
Y-n=4, 
Zn =f, 


4 


Writing Eq (35) in component form, we obtain: 


te [ xX x X, 10 n: 


t, ¥; Y, |! ny, 
| (36) 
‘ Ze Ly Zs ns 


The square matrix in Eq (36) is known as the stress tensor 
[T;;]. The diagonal terms are pressures or tensions, and 
the other terms are shear stresses. 

The vector Eqs (33) and (34) may each be written as 
three component equations: 


f fidV +g X - ndS 
> 


S bounding V 


[save f emis 
Vv 


S bounding V 


f fadV + Z-ndS = 0 
Vv 


8 bounding V 





(yi, — 2ty)dS 


f (yf: — zfy)dV + ¢ 
2 


S bounding V 


[ (zf. — zf2dV + (zt, — zt,dS 
JV 


S bounding V 


f (xf, — vf2)dV + (zt, — yl,)dS = 
> 


S bounding V 


[resulting from the expansion of the cross-products in 
Eq (34)], remembering that x, y, z are the components 
of the position vector r. 

By the divergence theorem: 


gp xm f v : XdI 
> 


S bounding + 


Thus, the first of Eqs (37) can be written as 


fi sa a= [ v Xd) 
1 et 


fe=-¥:°x (40) 


« 


Similar equations may be written in terms of the vectors 
Y ind Z, resulting in the equations 


f,-£=-—-o-x 

fy=-O0-t 

f=-v-@ 
Following the usual tensor notation, we have 


ener (42) 


c 


x; being a set of coordinates x, y, z; or, alternatively, we 
may write 


t~- > a) te} 0 mp 
fj a Or; a i. 4 Or; 


or, in dyadic notation: 
(44) 
(The divergence of a tensor is a vector.) 
Some textbooks state Eq (44) in terms of f,; thus, care 
is necessary at this point. (4) 


The stress tensor [7;;] is symmetrical, as may be seen 
from the following further transformations of Eq (38): 


¢ (vt, — 2t,)dS = ¢ (vZ — z¥)- ndS = 


S bounding ¥ 
v -@Z— z¥)dV (45) 


(by the divergence theorem). But 


v-GZ-2Y)=v-yZ—--2¥ (46) 


vV-yZ=990-°24+2Z-evy=99-Z24+Z, (47) 


From Eqs (38) and (45), 
yfz — fy +0 - WZ — z¥) =0 (48) 


Substituting Eq (47) and a similar expression for v * zY¥ 
into Eq (48), we obtain: 


zero by 
Eq (41) 


zero by 

Eq (41) 
Hence Z, = Y,. The equality of the other symmetrical 
terms may be derived by an analogous process starting 
from the other two of Eqs (38). 

As an example of the application of the concept of the 
stress tensor, we shall now develop the mathematical ex- 
pression for a stress tensor resulting from the presence 
of the electromagnetic field. 

From Maxwell’s equations: 

IB 


vy XE+— =0 (50) 
at 


jE 
v XB pws, — pt = 0 (51) 


v:-B=0 (52) 

v-E=p/e (53) 
The above equations assume D = cE. From the cross 
product of Eq (50) and «E: 


0B 


dv XE)XE+e(5P) xB =0 (54) 


From the cross product of Eq (51) and B: 


0E 


cw xm) xB — [me (SP) xm] — axe =o (55) 


Divide Eq (55) through by ,» and then add it to Eq (54), 
making use of Eq (56): 


¢ ( = x B) +e (> x E) wa < (EXB) (56) 
The result is 
AY XE) XB +2(9 xB) X B= 
IXB+uS@XB (57) 
remembering that B = ywH. Denote the vector (vy x E) 


x E by K, or (in matrix notation) by [K;]. Assuming 
X,X.X, aS rectangular coordinates: 


Ky * (3 re oF; ) E, a (22 Ka ok; ) Ep (58) 
or Or; or; OL 


Let i = ( > in rotation. To find K., advance all 
ee 


indices in Eq (58) by one position in the direction of 

rotation. To find K,, advance all indices in Eq (58) by 
two positions in the direction of rotation. 

aE dE; , OF ; 

Ki =e gee +e 

i 


i = £475 
OF: Or; or 


ok 


Ore 


(59) 


To Eq (59) add and subtract E,(dE,/dx,), obtaining 


p24 BK, 


or; a Ore 


ok, , dE; 
ber 
OL; 


dF, _E dE, _E, dE; 
1 


E Ox % Or; 
This last equation is equivalent to: 
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i 0 ~ ee — a — , 
Ky = 57 (Et — 5B) + 5 (EE) + 5 (Esk) — Exe - B) (61) 


1 
The vector [K;] can be represented in the form of a matrix 
in which K, and K, are formed by advancing all indices 
of Eq (61) by one or two positions, as indicated below: 


mr). 0 72 1 ~ 0 -— 
[K;] = [<, (Be - 5B) + 2 iE) + 
"Sees : 
(EE) — Edy E) | (62) 
Or: 
(see table of indices below) where 


2 = S E? = E;? + E? + E;* 
— 


‘ 


\'3E; oF, , dE: , EF; 
eae )S = m1 457 4— (64) 
Lu Or; Ox; O22 OF; 


. 


Showing the validity of Eqs (60), (61) and (62) involves 
some algebra, bearing in mind the rule of rotation of 
indices: 


When index i represents 
index j represents 
index k represents 


The summation sign \ 
ya 
, 
indicates summation over all indices. 
We may rewrite Eq (62) in the vector form: 


q~=3 


‘ 1 aT g(t 
dv XE)XE= «5 x 
ya hoe OF 


‘ q™) 


«(E(vy - E) (65) 


where e; are unit vectors associated with the coordinates 
X,,X.,X,. The first term of the right-hand side of Eq (65) 
is a vector which represents the divergence of a dyadic 
(the divergence of a dyadic is a vector), namely: 


(v XE) X E=V:: [Ti] — E(v - E) (66) 
where [7;,‘“?] may be written in component form: 
Ti Ty» T1335") 
[Ti] =] Tn 
Tx T: 9 E 


T28 T 23) 


T 33) 
7 € 0 
(EY — £ E*) 


cE\E: eh EE; 


eE.E; (cE = < FE?) 


ehh 3 


EE cEsE: (cE? — +E?) 


[ ee, -— iieE? | (67) 


V- (Ti) =e ( re aT n® a) 


Ox Ore O73 
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*, 0 
OL, 


(ae. om S bieE*) (68) 


which will be found to agree with Eq (62). Recall that 


the symbol §;, denotes the Kronecker delta (unit matrix). 


In an analogous manner, we may develop: 


Le xB) X B=: [Ta] — ‘BT -B) (69) 


[Tig] = [; B;B, - 7 iiaB? | 
M op (70) 


The superscripts (E) and (M) denote the electric and 


magnetic parts of the total stress tensor [7;,]. 
We thus have: 


v - (Ti) — E(v - E) l Bie - B) = 
Mu 


JIXB+e°(EXB) (71) 
c 


From Maxwell’s equations: 


vy B=0 and 


ve ital= SY 2% 


v-E = p/e 
OL, 


-Eo+3xXB+4 5 x B) 
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The right-hand side of Eq (72) represents the body force 
f;,, since it equals the divergence of the total stress tensor 
[T;,]. This force is composed of an electric force Ep, a 
magnetic force J < B, and a third term «(d/dt)(E X B), 
which is known in electrodynamics as the time derivative 
of the electromagnetic momentum density. This term may 
be easily shown to be associated with the Poynting vector 
(3): 

€ si (E X B) = ex 5 (E X H) = > ™ (73) 
where P is the Poynting vector and v the velocity of pro- 
pagation in the given medium (v? = 1/ye). At any point 
of the medium, we can consider a surface whose normal 
is in any desired direction, and ask for the stress t across 
this surface. The components of t can be found in terms 
of the components of the stress tensor [T;,] and the com- 
ponents of n as follows: 


— 
t; = , Tighe 75) 


q 


For any boundary surface S we thus have an equation 
describing the electromagnetic forces acting on this bound- 


ary: 
tdS = f EpdV +f JX BdV + 
Vv Vv 


a) DXBdV (76) 
at y 
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By the process of finding the characteristic roots (eigen- 
values) of the matrix [7;,], we can diagonalize [Tj] and 
find the three perpendicular eigenvectors n®, n®, n‘® of 
[T;,] at any point. These three directions have an im- 
portant physical meaning. The stress t across a surface 
perpendicular to any one of these vectors m is along nm; 
ie., it is a pure tension or compression (no shear). In 
symbols, 


t= % ‘a Tighg =n 
bead had 


‘ @ 


i.e., t is in the direction n. In matrix notation, this is (J): 


[Tie] [ng] =d{nx] or [Tig — Aig] [ng] = 0 

For simplicity, we shall work out the values of A only 
for the electric stress tensor T;,*) as an example. 

The equation determining the three roots A,, A., A; is: 


cE:E, —~<tigE? — dich | = 0 (77) 


or in the form of a full determinant in coordinates x,, x, 
and x,: 


(cE? — —E?* — ») cE, E: eE\E; 


9 
- 


€ 
9 


= 


(cE —-—E* — ) cEEy 


€ 
9 


cE3E, cE E2 (cE ——E* — i) 


which yields, when the determinant is expanded: 
8\° + 4B)? — 2E4 — Et = 0 


The roots of this equation are: 


We have for A = A, and for each i: 


() Tig ng" ) —n™), = 0 (81) 


Rewriting Eq (81) in terms of the three component equa- 
tions, we obtain: 


(E? — E*)n, + Fy Eon 
EAE yn, + (FE — E*)n2" 
E;E\n + EFone 


+ ELE sn;@ 
+ FE sn; 
+ (EE? — E*)n; = 0 


Since the determinant of the coefficients is zero, we can 

solve this set of homogeneous equations for the ratios of 

the n;“) components: 
mm: ng@ 


:n3) = Ey: BE: BE; (83) 


, n™) is in the direction of E and 


(84) 


and the stress is a tension. 

The medium is subject to pure tension along the electric 
field. The directions n‘*) and n‘*) will be those along 
which the medium will be subjected to pure compression 
since: 
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t® = Aon 


t® = d yn® _ “En | 


J 


The directions n‘*) and n‘* are orthogonal to n“) since: 


\ ) 
Aun, = » Tig ng (multiply by n;) | 
@ | (86) 


(multiply by n) 


(2) — * (BE) (2) 
An; = / Tiq® ng 
fan! 


q 


AN;Mn; © = nj \ T iq’) ng 


AN; On; = no Y Tig ng (88) 
fund 


q 


Subtract Eq (88) from Eq (87) and add all components: 


OQ. — » nOn® = 
— 
‘ 


\ \ Tig (n,n — nn) (89) 
LW 


‘ q 


Since the right-hand side of Eq (89) is equal to zero while 
(A, — A.) Is not, 


\ nOn@ = 0 

hol 

' 
or n®) + n@) = Q. Similarly, it may be proved that 
n‘) ° n‘® = 0. 


Wave Equation in an Anisotropic 
Medium in Tensor Form 

As a further example of the application of tensor analy- 
sis to electrodynamics, we shall consider a medium whose 
dielectric constant [e] is a tensor. One example of such 
an anisotropic medium is a plasma which has been sub- 
jected to the influence of a constant magnetic field B). 
The anisotropic properties of such a plasma may be 
described in the following way. (6) 

In Maxwell’s equation (5): 


aD 


vVXH=d-+ at =JIc+idIn=d (90) 


we assume that the total current density is composed of 
conduction and displacement components J, = cE and 
J, = dD/odt. If we assume harmonic variation of E with 
time and real and constant e, which we call e,, we may 
write 


E = E,,xe" 
Ip = — jwe-E (91) 


A combination of the conduction and displacement current 
densities may be obtained by expressing the conduction 
current density mathematically in the following manner: 
In Eq (91) above, let us replace «, by & which contains 
an imaginary component e;: 

joe E 


J= wEB — are (92) 
uN, Y 


conduction displacement 
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where 
€=e + Je (93) 


In this last equation, € is a scalar and a complex number. 

In the case of our stipulated plasma medium, € may 
be further generalized to a tensor form. 

Assume the existence of a magnetic field B, (constant 
flux density) and the presence of a small-signal, single- 
frequency electric field E. We start from the Lorentz 
force equation expressed in terms of the electron con- 
centration n and the velocity v. On the left-hand side of 
the equation, in addition to the usual force term, let us 
add a term resulting from collisions and proportional to 
velocity (thus representing loss as in mechanical systems). 


v 
+ nmitv = ne(E + v X B) (94) 


where 
m = electron mass 
e = electron charge 
~ = constant which adjusts dimensions and represents the 
number of collisions per second 


The expression of conduction loss by the addition of the 
second term on the left-hand side is legitimate as long as 
€ is not excessively high (collisions with neutral particles 
in fairly rarified plasmas). Multiply both sides of Eq (94) 
by e/m: 


dv ne? 


+ netv = E + v X B) (95) 
dt m m 


Since 


(96) 


aD 4 ed = "B+ (nev x © Buk) (97) 
dl m ) m 


J 


In the last equation, we have assumed that B, lies along 
the z axis. We will express the corresponding term in 
terms of w,, the cyclotron frequency at Bp. 


e 
m 


Bs (98) 


The equation 


Oya et e+0 Xe (99) 
dt m 

provides the basis of the tensor relation between E and 
J. The presence of the second term on the left-hand side 
of Eq (99) necessitates the assumption that @ is complex, 
while the second term on the right-hand side of Eq (99) 
determines the tensor character of [e]. 

The detailed calculation of the properties of the plasma 
is not our objective. We shall therefore avoid algebraic 
details by limiting the argument to showing that [e] is a 
tensor because it transforms the components of E into 
components of J by means of the equation: 


J, tse Ezy we ] E, ] 

m —Jwol Ge typ “ge E, 

‘ din in sy | E, | 
Equation (99) may be written in detailed vector form as: 


k 


(100) 


QJ, + iJ, + hIME — jw) — | Je Jy Jd, 


| ; 


nek, + jE, + kE, (101) 
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The three component equations are: 


JE — Jw) — wey = = E; 


m 


Ault dab + ely = 


m 


jaa ~pprw Ze 


m 


(102) 


If these equations are solved for the J; as functions of the 
E;, the results may easily be expressed in the form of 
Eq (103), below, yielding the tensor Eq (104). 


(103) 


Js] = —Jjoless}[E;) 
where 
J\e2| 0 
fej} = Ji €12 22 ° 
0 0 63: 


Since e,, = —e.,, and both are imaginary, we have written 
to emphasize this fact: 


é2 = Jl en! and a = — 3 = —Jjleaz| 


[he zero terms may be seen to vanish by Eq (102). Further 
algebraic details will be omitted. We shall now develop 
the wave equation in tensor form. 

We define the vector [D;] in tensor form: 


[D,] ™ ej; 


os 
i 


(105) 


From Maxwell’s equation, we follow the usual derivation 
of the wave equation: 


0B oH 


VXBe-F -"a 


(100) 
(« assumed scalar and constant) 


A 
vXVxXE - -uw x (; 
c 


Oo 


but 
vTXH= 


(J represents the total current density caused by conduc- 
tion and displacement) and: 
0 
VXVXE= -iu—J 
al 
i a7 
viv + E)—- VE = —u7/9 
a 
VE —v(v - E) uJ = 0 
€ 


(107) 
The vector J may be obtained from E by tensor trans- 
formation. Thus, we may express the last term of Eq (107) 
in tensor form, after first stipulating the wave character 
of E in phasor notation: 


B; = E; exp(—jol + Y - ¥) (108) 


[Clockwise direction of phasor rotation is assumed here 
for consistency with Eq (91) and with Cited Reference 
(6)—the direction of phasor rotation is purely a matter of 
convention. ] 





In matrix (tensor) notation: 


J = [Ji] = ~ jw ¥ ws | 
ual 


i 
(y’ = oats + w"ye11) 
(-—yen + w* e201) 


(—ysN + wes) 


We remember: 


Y= +? + 7? > 7 
ed 


f 


d 
= [component “i” of ¥(v - E)] = E (Vv - ®)| 


(111) 


| = (S a) = |») vit, | 
OL; ic —. Or; se 

7 f 

\ wi | 

hel 


(112) 


Replacing the vector notation by tensor (matrix) notation 
in the wave equation, Eq (107), yields (6): 


[y*5es — NVI T w*pei;][E;) =0 (113) 
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Writing out Eq (114) in full matrix form, we obtain: 


A 


(—yivs + wes) ] E ] 
(— ova + wes) E: = 0 


(—vi7¥2 + wer) 
(y? — v2? + wuer) 


(—~s72 + w*pes2) (y? — 3? + w*yess) EB; | (115) 


The allowed components of y must satisfy the condition 


| y°8is — vers + one; | = 0 (116) 


if these equations are to have non-trivial solutions for the 


E;. In the foregoing equations, the symbol y represents the 
propagation constant; it is related to the constant kp used 
in “Vector Analysis” by y = jkp.* 

The permittivity tensor [e;;] may be diagonalized and 
its principal axes found by the general method described 
previously. The diagonalization of ¢;; would lead to the 
finding of tensor components in a new coordinate system 
(primed data) such that 

0 0 ] 


€22 0 
0 €33 : | 


Dy! = eB (118) 


In the coordinate system of the diagonalized tensor [e;;’J, 
only one component of E determines the corresponding 
component of D. It is important to note that Eq (118) 
does not represent the summation convention, which was 
not used in our example. OOO 
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— HUMAN-FACTORS ENGINEERING 
Design Standards 


This report describes the step-by-step pro- 
cedures in developing and applying human- 
factors “guidelines”? and “‘checklists” used 
in the design of equipment for the Polaris 
(fleet ballistic missile) submarines. The 
basic approach is also applicable to human- 
factors engineering problems in many other 
systems. Search and evaluation of system 
components (such as controls and displays) 
are essential steps in the development of 


these standards and specifications. 


MARTIN A. TOLCOTT, ARMAND N. CHAMBERS, 
PAUL PREUSSER, AND STAFF 

Dun ap Anp Associates, INc. 

Stamford, Connecticut 


STANDARDS AND SPECIFICATIONS in general represent con- 
straints within which the systems designer must work. On 
the positive side, they of course furnish the guidance or 
criteria necessary to demonstrate that the user’s require- 
ments have been met. In many instances, however, devia- 
tions from specifications are perfectly justified — provided 
it can be shown that the costs of meeting them (in terms of 
dollars, time, etc.) are greater than the costs of not meeting 
them (as measured by predicted degradation of system 
performance). Unfortunately, this comparison is usually 
a difficult one to make, and the issue too often is resolved 
at the level of subjective opinion. 

Military specifications in particular represent special prob- 
lems, since they seek to establish a set of standardized criteria 
applicable to a wide variety of systems. To the extent that 
different military systems are exposed to the same kinds 
of environment (such as temperature, vibration and shock), 
a uniform set of specifications is a useful thing to have 
available. For any individual system, however, the question 
of how rigidly such specifications should be applied (or, 
more precisely, the question of how much the performance 
of the system would suffer as a result of any specified 
deviation) can be answered only by an analysis of the mis- 
sions of the system and the conditions under which it will 
be used. 
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Although human-engineering specifications are generally 
more qualitative in nature than other types of specifica- 
tions, exactly the same considerations apply. Several hand- 
books* have been developed to serve as human-engineering 
guides to design engineers. The recommendations in these 
design guides are based, for the most part, on well-con- 
trolled laboratory experiments, the results of which indicate 
statistically significant differences in performance between 
groups of subjects. For example, it is a well-established 
principle of human engineering that numerical scales 
should increase clockwise rather than counter-clockwise, be- 
cause significantly fewer errors in reading will be made as 
a result. However, let us suppose that during a typical 
“crash” development program (and all military systems 
are developed under “crash” programs), exactly the right 
meter for a certain application is already available, except 
that the numerical scale increases counter-clockwise. It 
would take “x” dollars and “y” weeks to modify the com- 
ponents in order to meet human-engineering design specifica- 
tions. Is it worth it? 

The answer, of course, depends on the extent to which 
an error in reading this particular meter will affect the 
mission of the system, as well as on the probability that a 
trained operator will mis-read the meter under the stress 
of operating conditions. The effect of an error on system 
performance can be determined, within broad limits, by a 
system analysis, but the probability of error under operating 
conditions can rarely be determined simply by extrapolation 
from laboratory data. The human engineer, therefore, 
would usually prefer to play it safe and recommend a 
meter which meets his specifications. 

The dilemma posed by this type of design problem has 
led human engineers into a new area—that of component 
search and evaluation—in an attempt to build up a file 
of reference data on a wide variety of available control 
and display components. These reference files contain com- 
plete descriptions of each component from a human-engineer- 
ing viewpoint. With such a file available as background 
material, the human engineer can then adopt more systematic 
procedures in contributing to the design of an effective 
system. 

As an example, the following procedures have been em- 
ployed in the design of equipment for the Navy’s Polaris 
submarines:t 

1. Analysis of Operation and Maintenance Task Require- 
ments. As equipment design concepts reached the point 
where human roles and functions could be specified, an 
analysis was made of the decisions and actions required of 
each operator in the system, and the information required 
at each step was identified. 

2. Determination ef Human Input and Output Require- 
ments. Based on the information and action requirements, 


* A selected bibliography will be found at the end of this section. 

+ Source: This discussion is based on Human Factors Design Standards for the 
Fleet Ballistic Missile Weapon System, Vol. 1, a Buteau of Naval Weapons publi- 
cation (Code Ident 10,001, OD 18,413), prepared for the Special Projects Office of 
the Bureau by Dunlap and Associates, Stamford, Conn. The tabular data, ilustra- 
tions and appendices are also drawn from this publication. 
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it was possible to specify the characteristics of the inputs to 
and outputs from the humans in the system. These charac- 
teristics included speed, accuracy, frequency, importance, 
sequence, etc. 

3. Development of Design Standards Specific to This 
System. A design guide was then developed based on the 
specific requirements of the Polaris weapon system. Where 
important differences existed in the operational requirements 
of different subsystems, these were explicitly described in 
the design guide. For example, Subsystem A was charac- 
terized by essentially continuous operation with primarily 
analog data, while Subsystem B required intermittent opera- 
tion with mostly digital or “go-no-go” data. Display and 
control requirements pertinent to each case were specified. 
A typical set of “guidelines for design” (in this example, 
for indicating lights) appears in the panel on page 108. 
Specific design examples related to panel lighting are 
shown in Figs. 1 and 2 above. 

4. Development of Component Evaluation Checklists. 
Based on the standards recommended in the design guide, 
a set of checklists was developed for the purpose of sys- 
tematically evaluating available equipment components to 
determine their suitability for the Polaris weapon system. 
The file of reference data made it a relatively simple pro- 
cedure to apply these checklists to literally hundreds of 
components in a short space of time. In addition, visits were 
made to dozens of component manufacturers to evaluate 
new components or those in an advanced stage of develop- 
ment, on which no reference data were available. Selected 
checklists (dealing with control-display panels and consoles) 
are presented in Appendix I and Appendix II. 

5. Determination of Acceptable Components. On the basis 
of the checklist evaluations, certain components within each 
category were identified as acceptable in terms of meeting 
human-engineering requirements for the Polaris weapon 
system. Recognizing the fact that some of these might not 
meet other requirements (such as MIL specifications), an 
additional] group of components was identified as potentially 
acceptable, provided certain minor modifications were made. 
With these evaluations in hand, the subsystem designers 
could then select appropriate display and control com- 
ponents on the basis of additional factors such as cost, 
reliability, adherence to MIL specifications, etc., with full 


164 


Fig. 1—Several examples of human-engineered lighting design 
now used for control panels. System shown at (b) employs 
the “reflux” technique, presently under development at the 
U.S. Naval Engineering Experiment Station (Navy patent case 
No. 29723). This technique provides a combination of the 
light-piping technique and a “see-through” technique—that is, 
the light flux generated by a source is re-circulated in a 
conductor. 
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Fig. 2—Pictorial symbol legends consisting of illuminated sym- 
bols on an otherwise opaque indicator can be used in low-level 
red-lighted areas, such as are found in some submarine com- 
partments. Minimum area for this type of display should be 
1 sq in. No more than 15 different symbols should be used. 
Typical examples are shown above. 


knowledge and confidence that human-engineering specifica: 
tions were also being met. 

6. Development of New Components where Suitable Ones 
Were Not Available. As might be expected, components 
were not available in all categories which would meet human- 
factors requirements, military-specification conformance, 
electrical and mechanical requirements, etc. For example, 
human-factors specialists recommended the use of three- 
color indicator lights in order to reduce the space require- 
ments, reduce ambiguity, etc., in the panels of one of the 
Polaris subsystems. However, no suitable three-color indica- 
tor light was available that would meet all requirements. The 
use of 28-volt display circuitry required the use of less 
reliable lamps than if 6-volt circuitry had been used. Existing 
three-color indicator lights employed a single lamp for 
each color; hence, in many instances, it would be impos- 
sible to determine if an indicator was off or the bulb was 
burned out. As a result of these and other factors, a specifica- 
tion was prepared to provide the basis for the develop- 
ment of new components which would meet human-factors 
criteria as well as the other design criteria. 

7. Application of the Acceptable Components. Once ac- 
ceptable components had been selected or designed, it was 
then possible to turn to the problems of layout, labeling, 
coding, and consideration of ambient conditions such as 
overhead lighting, development of procedures and other 
factors involved in the application of human-factors design 
standards to the system. 
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APPENDIX I—Human-Factors Checklist for Evaluation of 
Control-Display Panels and Consoles 


General Considerations 


e Type and Contours of Panels 


1. For continuous monitoring and con- 
trol over long periods of time, controls 
and displays are mounted on a sit-down 
console. 

2. The angles of the sit-down console 
slope from the vertical should be as fol- 
lows: upper surface, 0 to 20 deg; middle 
surface, 40 to 60 deg; lower surface, 60 
to 75 deg. 

3. Overall sit-down console height does 
not exceed 48 in. if the operator’s line of 
sight must extend beyond the console. 

4. Overall sit-down or sit-stand console 
height does not exceed 65 in. if the op- 
erator’s line of sight need not extend be- 
yond the console. 

5. If the operator must record data, a 
writing surface is provided (at least 4 x 8 
in. for notations, and up to 12 x 16 in. for 
longer recording tasks). 

6. Knee and foot room is provided be- 
neath the sit-down panel surfaces. Mini- 
mum dimensions are 25 in. high, 20 in. 
wide, and 18 in. deep. 

7. Controls and displays for a sit-stand 
console are mounted on a surface sloped 
10 to 30 deg from the vertical. The slope 
begins 34 in. above the floor. 

8. The operator’s viewing angle for all 
displays from his normal work station is 
between 60 and 90 deg. 


e Standing Console 

9. Visual displays on vertical panels 
which require frequent monitoring are 
mounted no higher than 70 in. and no 
lower than 40 in. above the standing sur- 
face. 

10. Precise-reading indicators on vertical 
panels are mounted no higher than 64 in. 
and no lower than 48 in. above the stand- 
ing surface. 

14. Controls on vertical panels are 
mounted no higher than 70 in. and no 
lower than 32 in. above the standing sur- 
face. 

12. Precision or frequently operated con- 
trols on vertical panels are mounted no 
higher than 55 in. and no lower than 44 
in. above the standing surface. 


e Sit-Down Console 


13. When controls are present, viewing 
distance for displays is no greater than 28 
in. (limited by reach distance) and no less 
than 16 in. 

14. The angle subtended from the eye 
by displays is: 

a. Lateral dimension: optimum, 15 
deg to the right and left (15 in.) ; 
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limiting, 95 deg to the right and 
left. 

b. Vertical dimension: optimum, 
0 to 30 deg down (15 in.); limit- 
ing, 75 deg up to 85 deg down. 

15. Dimensions for mantal area for 
seated operator with 0 to 10 deg angle to 
back rest are within +2 in. of these opti- 
mum measurements: 

a. Qptimum: 1. seat reference 
point horizontally to near edge of 
work area, 15 in.; 2. seat reference 
point vertically to lower plane of 
work area, 9 in.; 3. depth of area, 
11 in. (15-26 in. from seat reference 
point); 4. width of area, 24 in.; 5. 
height of far plane, 11.5 in.; 6. 
height of near plane, 4 in. 

b. Limiting: 28 in. in horizontal 
and vertical planes. 


e Arrangement of Controls and 
Displays 

16. Primary controls and displays are 
placed within the optimal manual and 
visual spaces, respectively. 

17. Emergency controls and displays are 
placed in readily accessible positions with 
critical emergency controls and displays 
located in the optimal manual and visual 
areas. 

18. Secondary controls and displays are 
placed within the limiting manual and vis- 
ual areas, but are not necessarily in the 
optimal areas. 

19. Setup, calibration, or test controls 
and displays are given lowest priority lo- 
cation or placed outside the operator’s 
normal work area. 

20. If controls and displays are shared 
by more than one operator: 

a. Duplicate sets are provided 
where space is available; if not, the 
controls and displays are centered 
between the operators. 

b. Where direction-of-movement re- 
lationships are important, the op- 
erators all face the same direction. 

21. Displays are grouped together to fa- 
cilitate check reading. 

22. When controls and displays are used 
sequentially: 

a. They are arranged in an order 
analogous to the actual order of 
events. 

b. They are aligned horizontally 
from left to right or vertically from 
top to bottom, or in rows from top 
row to bottom row and from left to 
right within each row. 

c. They are grouped together as 
closely as possible without com- 


promising minimum necessary separa- 
tion, 

d. The relationship between con- 
trols and displays is analogous. 

e. When concentric (ganged) 
knobs are employed, the front (small- 
est) is used last, the back (largest) 
first. If there are three (ganged) 
knobs, they are used sequentially in 
the above order. 

23. The positions of controls and dis- 
plays correspond with the spatial orienta- 
tion of their associated equipment com- 
ponents and their relationship is unambig- 
uous and unmistakable. 

24. When a control is located with its 
associated display: 

a. The operator’s hand does not 
block the view of the display. 

b. A control operated with the 
right hand is located below or to 
the right of its display and a control 
operated with the left hand is lo- 
cated below or to the left of its dis- 
play. 

c. If a rotary control is used with 
a rotary display which traverses 
less than a full circle, the control 
is on the concave side of the display. 

25. When controls are located on one 
panel and their associated displays on an- 
other, there is unambiguous association 
between the controls and displays (i. e., 
both maintain the same relative positions) . 


e Legends 


26. All letters are capitalized except for 
extended copy, which is in capitals and 
lower-case letters. 

27. All numbers are Arabic, except for 
special identification. 

28. All characters are of the NAMEL 
or similar style [MIL-C-18012A, MS 33558 
(ASG) ]. 

29. The use of symbols is avoided, but 
if symbols are used, they are common mean- 
ingful ones. 

30. Letters, numbers or other symbols 
are a minimum % in. high. 

31. For illuminated letters and numbers 
on a dark background, the stroke width- 
to-height ratio is approximately 1:10. 

32. For dark letters and numbers on a 
light or illuminated background, the stroke 
width-to-height ratio is approximately 1:6. 

33. Dark characters on a light or illumi- 
nated background are used, except for 
labels external to indicator lights on red 
illuminated panels. 

34. Character stroke width is not broken 
and does not vary in a manner that causes 
distortion of the critical elements which 
aid in character identification. 

35. Separation between characters in a 
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sequence is sufficient to permit adequate 
resolution. 

36. For numerals, the width of the nu- 
meral is approximately 3 of its height, ex- 
cent for the “4” (which is one stroke width 
wider) and the “1” (which is one stroke 
width). 

37. For letters, the width of the letter is 
approximately 36 of its height, except for 
the “I” (which is one stroke width) and 
the “M” and “W” (which are % of letter 
height). 

38. Legends are unique to the particular 
function served (i.e., the same nomencla- 
ture is not used to designate indicators 
with differing functions, even though these 
may be widely separated spatially). 

39. Legends are uniform and standardized 
for ease of recognition (i.e., when displays 
serving the same function appear in differ- 
ent places, all are labeled in the same 
manner). 

40. Legends are brief, but not so brief 
as to be ambiguous. 

41. If abbreviations are used, they con- 
form to MIL-STD-12B, common usage, or 
standards developed for a specific system 
use. 

42. Legends are permanently affixed 
either by etching or embossing, or, if sur- 
face legends are used, a protective coating 
is applied. 

43. In low-level, red-lighted areas, im- 
portant reference legends external to or 
necessarily apart from frequently used con- 
trols or displays are illuminated and en- 
ergized whenever the equipment is ener- 
gized. 

44. Legends are not obscured by parts, 
components, moisture-proofing covers, etc. 

45. Legends are placed on, or sufficiently 
close to, the components which they iden- 
tify so that there is no ambiguity concern- 
ing the relationship. 


e Illumination 


46. For high-level white illumination, the 
brightness of displays is between 1 and 
20 foot-lamberts. 

47. For low-level red-lighted areas, the 
brightness of displays is between 0.5 and 
1.5 foot-lamberts. 

48. Brightness (except for character con- 
trast) is uniform across the face of any 
given display. 

49. The contrast ratio is at least 5:1 
between display markings and the back- 
ground under all expected conditions of 
illumination. 

50. The variation in brightness of panels 
or displays in sizable areas of the operator’s 
visual field (preferably across the entire 
panel or console) does not exceed 10:1 
from the brightest to the darkest. 

51. Illuminants are placed so that glare 
(specular reflections) from meter faces 
and similar surfaces does not strike the 
operator in his normal work station. 

52. Panel surfaces are of a dull finish 
and 20 to 30 per cent reflective (not ap- 
plicable in red-lighted areas, where panel 
surfaces are usually black). 


e Control-Display Movements 


53. The relationship between the control 
and its associated visual display is unmis- 
takable in terms of: (a) the proper con- 
trol to use; (b) control movement (i.e., 
conformity with the controlled display or 
equipment). 
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54. Control is oriented to fit normal 
habit pattern—for example: 

a. For linear controls: movement 
forward (i.e., away from the opera- 
tor), upward or to the right; for 
overhead linear controls, movement 
to the right. 

b. For rotary controls: movement 
clockwise. 

55. Successive control movements are in- 
terrelated (i.e., one movement passes easily 
into the next). 

56. The control requires as few move- 
ments as possible. 

57. Controls used in rapid sequence have 
uniform direction of motion. 

58. Control movements are consistent for 
all the equipments which one operator uses. 

59. For rotary controls with rotary dis- 
plays: (a) with moving pointer and sta- 
tionary dial, clockwise rotation of control 
results in clockwise rotation of pointer, and 
vice versa; and (b) with moving dial and 
stationary pointer, clockwise rotation of 
control results in counterlockwise rotation 
of the dial, and vice versa. 

60. For rotary controls used with linear 
displays, with control and display in same 
plane, the control turns clockwise as the 
linear display pointer moves up or to the 
right. 

61. Linear controls are not used with 
rotary displays. 


@ Positive Indication and Fail-Safe 
Design 

62. Controls are physically designed to 
stand abuse, even for unexpected direction 
of movement (e.g., emergency or panic 
response). 

63. Positive indication of activation of 
controls is provided (e.g., click, position 
light, etc.) so that malfunction would be 
obvious to the operator—except for continu- 
ous controls. 

64. Positive indication is provided that 
the activation of a control has resulted in 
equipment response. 

65. The failure of display units is clearly 
shown or the operator is otherwise warned. 

66. All components are designed so that 
failure of that component does not, in it- 
self, offer danger of damage to other equip- 
ment or injury to personnel. 


e Coding 

67. Color coding is consistent with sys- 
tem specification. For example, in the FBM 
(fleet ballistic missile) system, red requires 
immediate action; yellow, caution and 
monitor; green, proceed normally; white, 
combine information to determine required 
action; blue, command to take action. 

68. Color coding is used only in areas 
that are always white lighted. 

69. Position coding is consistent with sys- 
tem specifications. 


70. In red-lighted areas, tlashing red in- 
dications are used only for warnings. 

71. Zone markings are employed on dials 
as necessary to indicate the various zones 
of operating conditions (e.g., desirable op- 
erating range, undesirable-inefficient, etc.) . 
In red-ambient areas, color coding is not 
used to identify zones. 

72. Shape coding, where feasible, is con- 
sistent with human-factors standards. 

73. Shapes of control can be discerned 
both visually and tactually, where necessary. 

74. If the operator cannot compare the 
sizes of all controls before selecting the 
proper one, only two or three different- 
sized controls are used in any one group. 

75. Controls of the same size are used 
for performing the same functions on dif- 
ferent equipments. 

76. Coded information corresponds as 
closely as possible to the real situation 
being depicted and to operator habits (e.g., 
number of dimensions, qualitative, quan- 
titative, etc.) . 


e Miscellaneous 


77. Panel area taken up by any given 
display is minimum, consistent with legi- 
bility at the normal viewing distances of 
all operators who require the information. 

78. The method used to prevent acci- 
dental activation of a control, if any, does 
not increase the time required to operate 
the control to such an extent that it is 
unacceptable. 

79. Sufficient resistance is employed in 
controls so that there is little likelihood of 
undesired activation due to acidental brush- 
ing against the control, jolting, large vibra- 
tions, etc. 

80. Enough spring-loaded resistance is 
employed to provide the operator with suf- 
ficient feedback information (“feel”) con- 
cerning control position. 

81. Enough viscous damping is employed 
to provide the operator with sufficient feed- 
back information (“feel”) about the ve- 
locity of control movement. 

82. When attempting precise setting of a 
control, static or sliding friction is easily 
overcome so that the setting can be made 
without difficulty. 

83. If necessary, the control has a lock- 
ing device by which friction can be readily 
adjusted. 

84. Inertial resistance is used only for 
multiturn controls with two static posi- 
tions. (Clockwise and _ counterclockwise 
limits) . 

85. When special cues concerning critical 
positions of a control are necessary, the 
force gradient is modified to provide them 
(e.g., resistance suddenly increases as a 
limit or null is approached). 

86. The control lever is easily grasped 
and there are no angular edges on the 
grasp area. 


——— APPENDIX lI—Human-Factors Checklist for: 
Evaluating Control-Display Panels and Consoles 


Specific Components 


* Source material also provides checklists for certain 
components that are not discussed here: continuous 
rotary controls (cranks and handwheels), levers, some 
knobs and foot controls. 


e Indicator Lights 


(Unless otherwise specified, all statements 
apply to both red- and white-ambient 
areas.) 

1. Indicator lights are used to display 
equipment response, not switch position 
(except where combined indicator-controls 
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such as lighted pushbuttons, etc., are em- 
ployed) unless control positions are not 
apparent or the control is frequently used 
under red-lighted conditions. 

2. Brightness level is the same for all 
colors except red, which should be twice 
as bright. (Flashing red indicators are not 
required to be twice as bright.) 

3. All emergency or malfunction indica- 
tor lights in red-ambient areas are flashing 
red, with flash rate between 3 and 5 flashes 
per sec and “on” time approximately equal 
to “off” time. 

4. All indicator lights which require im- 
mediate operator control action or attention 
when activated are provided with a raised 
or dome-shaped filter cap so that they can 
be seen even from a 0-deg viewing angle. 

5. Size of indicator lights is as follows: 
with no legend, %4 to % in.; with legend, 
% by 1% in. 

6. Indicator light emission cannot be 
turned off completely by use of an adjust- 
able orifice-type filter cap. 

7. Indicator lights which are designed 
to display a legend have a transilluminated 
display surface with black opaque char- 
acters. 

8. Legends on an indicator light are visi- 
ble under normal white illumination 
whether or not the light is energized. 

9. The indicator legend requires no more 
than 28 character spaces (14-in. lettering). 

10. Contrast ratio between panel reflect- 
ance and indicator light brightness under 
all expected ambient conditions is no less 
than 2:] and no greater than 10:1. 

11. Indicator lights of the flat display- 
surface type are mounted flush with the 
surface of the panel, or if a bezel is incor- 
porated, it extends no more than % in. 
above the panel surface. 


e Unit Character Displays 


12. Multicharacter displays read _ se- 
quentially from left to right rather than 
vertically. 

13. All characters are displayed on the 
same plane and as close to the plane of the 
panel surface as possible, thereby provid- 
ing maximum viewing angle and minimiz- 
ing parallax and shadow. 

14. De-energized display characters are 
not visible. 

15. If the visible background area around 
each character is small, the display bezel 
is the same color as the background to in- 
crease effective background area. 


e Counters 


16. The counter is oriented to read from 
left to right. 

17. All characters are displayed on the 
same plane and as close to the plane of 
the panel surface as possible, thereby pro- 
viding maximum viewing angle and mini- 
mizing parallax and shadow. 

18. Counter drums which are employed 
at an alternate time to display an alternate 
function are covered when that alternate 
function is not in use. 

19. If the visible background area around 
each character is small, the display bezel 
is the same color as the background to 
increase effective background area. 

20. The number of significant digits dis- 
played does not infer accuracy beyond the 
inherent accuracy of the function being 
displayed. 

21. Zeros (not decimal multipliers) are 
used on the extreme right or left of the 


AUGUST 1961 


counter to define the order of magnitude 
of the readout. 

22. For discrete information, numbers 
snap into position. 

23. For discrete information, only the 
digits to be read out (and no portion of 
adjacent digits) are visible from the ex- 
pected viewing position of the operator. 

24. Maximum number speed is not 
greater than two per second when num- 
bers must be read in motion (i.e., reading 
blur is minimum). 

25. Spacing between characters is less 
than half character height. 

26. If the counter requires regular re- 
setting (e.g., counter is a sequencing op- 
eration), this is done automatically. 

27. On manually operated counters: 

a. A knob or crank is used in pref- 
erence to thumb-wheels. a 

b. Control-display ratio is such that 
one revolution of the knob equals 
approximately 50 counts (i.e., right- 
hand drum rotates five times). 

c. Clockwise rotation of the knob 
results in increase of number in 
counter and upward movement of 
drum. 

28. Characters are black on a light 
(white) drum background. 


@ Dials, Gages and Meters 

29. Changes in indication are easy to 
detect both in magnitude and direction. 

30. The operator is able to make a quali- 
tative or check reading of the scalar in- 
dicator when it is in the periphery of his 
visual field. 

31. The indicator is designed to minimize 
the problem of parallax within the normal 
visual axis of the operator. 

32. The relationship between the scalar 
indicator and other dials in its associated 
panel group arrangement is similar in terms 
of scale breakdown and numerical progres- 
sion. Increasing values on all dials progress 
in the same direction. All pointers are in 
the same relative position under normal 
operating conditions. 

33. Scale markers and characters should 
be black on a white background, except 
where internal lighting is provided. 

34. If the instrument has a movable 
pointer, the pointer is well illuminated at 
all positions. 

35. The scale uses an appropriate nu- 
merical progression (i.e., number progres- 
sion of 1, 2, 5, 10, or multiple thereof). 

36. The smallest readable scale division 
is not finer than the probable error which 
is inherent in the metering apparatus. 

37. The scale graduation interval (dis- 
tance between graduation marks) is ap- 
proximately equal to the degree of accuracy 
required in reading the indicator. 

38. All major scale divisions are num- 
bered. 

39. The dial pointer extends to, but does 
not obscure, scale graduation marks. 

40. If possible, numerals appear on the 
opposite side of the graduation marks from 
the pointer, so that the pointer does not 
obscure them in reading. 

46. The dial face is designed as simply 
as possible and only information which is 
usable by the operator appears on the dis- 
play. 

47. Numbers are upright in the normal 
reading position. 


e Moving Pointer, Fixed Circular 
Seale 


48. For single circular scale, numbers 
increase in a clockwise direction (i.e., 
clockwise pointer movement indicates an 
increase in magnitude). 

49. Critical regions in the circular scale 
are assigned to the 9, 12, 3 or 6 o’clock 
position. 

50. Except on multi-revolution instru- 
ments, there is a scale break of at least 114 
major divisions at the end of the scale. 

51. The circular-scale zero is located 
near the bottom of the dial, except when 
zero calibration or check reading is re- 
quired. 

52. If the scale is to be calibrated posi- 
tively and negatively from zero, the zero 
calibration is set in the 9 or 12 o'clock 
position; for multi-revolution indicators, 


the zero is at the 12 o’clock position. 


e Fixed Pointer, Moving Circular 
Scale 

53. Counterclockwise scale movement in- 
dicates increase in magnitude. 

54. Pointer or “lubber” line is at 12 
o’clock for right-left information. 

55. Pointer or “lubber” line is at 9 
o’clock for up-down information. 

56. Open window (if used) is large 
enough to permit at least one numbered 
graduation to appear at each side of any 
setting. (This will ensure that at least two 
numbers are visible at all times.) 


e@ Vertical and Horizontal Straight 
Scales 

57. Critical markings are not located on 
either end of the straight scale. 

58. For a moving-pointer, fixed straight- 
scale-type indicator, movement of the 
pointer upward or to the right indicates 
increase in magnitude. 

59. For a fixed-pointer, moving straight- 
scale-type indicator, movement of the scale 
downward or to the left indicates increase 
in magnitude. 

60. Numerals increase from bottom to 
top or from left to right. 

61. A fixed-pointer, moving straight-< ale 
indicator is used only where high-resolu- 
tion reading is required over a large ranze 
of operation. 


e Cathode-Ray Tube Displays 

62. A standard is readily visible to the 
operator when matching of waveforms is 
required. 

63. The information on the scope is 
clearly defined and allows for rapid read- 
ing of the space coordinates in quantitative 
terms (yards, degrees, and—if necessary— 
altitude). 

64. The spatial positions of scope targets 
are easily visualized. 

65. The background brightness should 
be between 1 and 10 milli-lamberts. 

66. Contrast ratio between the signal and 
the background is approximately 10:1. 

67. The bezel or frame around the cath- 
ode-ray tube conforms to the general con- 
figuration of the type of presentation— 
e.g., round for PPI (plan-position indica- 
tor) or rectangular for A-scan (signal in- 
tensity against a time-base sweep calibrated 
in range). 

68. Phosphorescent persistence of 0.1 sec 
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or longer is provided, and for PPI scan it 
does not exceed the sweep period. 

69. If a bearing-aid overlay is used on 
a PPI, it provides a solid line every 30 deg 
and dotted lines every 10 deg. 

70. The minimum distance between range 
rings on a PPI is % in. for normal view- 
ing distance of about 18 in., also every 
fifth ring is discriminately different from 
the rest. 

71. For scopes employing reticles: 

a. The reticle outline is sharp and 
legible from required viewing dis- 
tance (i.e., has good contrast with 
screen background but is less intense 
than the target signal). 

b. The stroke width of the reticle 
does not exceed Mo in. 

c. A reticle brightness control is 
provided. 

72. Where display function permits aver- 
age error in degrees of: (a) up to +5 deg, 
no bearing aids are used; (b) up to £1.5 
deg, an overlay is used; (c) up to +1.0 
deg, a cursor with dial or counter is used; 
and (d) up to +0.5 deg, pantograph is 
used. 

73. Signal size is set at optimum com- 
mensurate with good scope resolution, or 
may be readily adjusted. 

74. Ambient room illumination does not 
contribute more than 25 per cent of the 
screen brightness through diffuse reflection 
and phosphor excitation. 


75. Brightness of surfaces and/or light 
sources in the immediate surround of the 
scope is less than the brightness of the 
signal. 

76. To accommodate adaptation level and 
target visibility, the scope operator is never 
pre-exposed to brightness greater than 100 
times the brightness on the scope back- 
ground. 


e Printers, Plotters and Recorders 

77. Scales (e.g., degrees latitude differ- 
ence per inch and inches of paper per min- 
ute) may be readily adjusted to give 
immediate indication of changes in both 
magnitude and direction. 

78. Adequate reference lines are pro- 
vided to permit determination of the value 
of a variable with a minimum of inter- 
polation. and without manual aids, scales, 
etc. 

79. The plotted symbols are visible for 
the purpose of initial positioning of trace 
in minimum time. 

80. In low-level, red-lighted areas, red 
ink or red reference lines are not used. 

81. If manual entries on the paper are 
required, access to the surface is obtained 
by opening no more than an access door 
(window) which is big enough to permit 
writing the required information. 

82. Take-up provision is provided for the 
used paper. 


83. If the record has to be searched, ac- 
cordion-folded paper is employed. 

84. The recording or plotting method 
introduces no unwanted atmospheric con- 
taminant (e.g., gases) into the submarine 
atmosphere. 

85. In low-level, red-lighted areas, both 
red and white surface illumination is pro- 
vided. 

86. If ambient illumination does not per- 
mit the printed record to be read easily, 
self-lighting of the shaded flood or trans- 
illuminated type is provided. 

87. Positive indication (visual or other- 
wise) is provided when materials (e.g., 
paper, ink, ribbon) must be replenished. 

88. Panel space necessary for access to 
change paper is provided. 

89. Printing mechanism is recessed for 
operator safety and to prevent damage to 
the mechanism. 

90. Sufficient clearance around the paper 
slot is provided to prevent the printer 
paper from interfering with observation 
and operation of nearby displays and con- 
trols. 

91. A line that has just been printed 
may be viewed by the operator without 
operation action if the printer is used to 
provide the operator with immedately use- 
ful information (i.e., the printer “rests” 
on blank, rather than printed, paper). 

92. The width of the recording surface 
for each channel is adequate for the de- 


Typical “Guidelines” for Design of Specific Display—Iindicator Lights 


e Information Requirements 
and Method of Presentation 


Indicator lights present qualita- 

tive, discrete information. They are 
normally used to indicate status, to 
display commands, as annunciators 
(e.g., labels, exit signs, etc.), and 
as warning devices. 
O A single message should be pre- 
sented by the lighting of the dis- 
play. This message should be 
inscribed on the panel above the 
indicator light (a label) or should 
be inscribed directly on the indica- 
tor face plate (a legend). This 
latter method is preferred for all 
but the simplest types of messages. 
O When indicator lights are used to 
display status information, an op- 
erator normally should not be re- 
quired to assume the converse of 
the lighted message from an un- 
lighted condition. 


Each status mode should be in- 

dicated by its own indicator light 
(or by an indicator which has al- 
ternate message capability in a sin- 
gle unit). However, when power 
ON-OFF status is being described, an 
ON indicator alone can be used if 
an associated control position can 
be used to determine OFF. 
[) Operators should not be required 
to read a number of indicator lights 
in order to receive a quantitative 
message. 


For example, the type of display 
which contains columns of num- 
bered indicator lights and which 
requires reading the number lighted 
in each column in order to arrive at 
the numerical value displayed is con- 
sidered poor human-factors design. 


e Arrangement for Logical 
Presentation 


Indicator lights should be ar- 
ranged on panels on the basis of 
how they are to be used by the op- 
erator and what their ultimate ef- 
fect will be on the performance of 
the system. The location should be 
determined by one or more of the 
following considerations: 

O The frequency and extent of use 
of the display. 

O The accuracy and/or speed with 
which the display must be read (and 
related control positioned) . 

O The decrease in system perform- 
ance and/or safety resulting from 
an error or delay in using the dis- 
play. Le 

[The arrangement of indicator 
lights for logical presentation is in 
fact a part of a separate detailed 
set of guidelines for design applica- 
ble to controls and displays in gen- 
eral.] 


@ Dimensions 


The specification of dimensions 
for indicator lights is dependent on 


several considerations: the normal 
and other viewing distances and an- 
gles; whether the indicator is to 
have a legend inscribed on the dis- 
play screen; whether the light is to 
be size-coded to provide additional 
information for the operator; and 
that minimum dimensions for the 
indicator avoid use of excessive 
panel space. 

0 Indicator lights without legends 
should be a minimum of 4 to % 
in. in diam or square for normal- 
status indications; % to 1 in. in 
diam or square for warning or sum- 
mation-status indication. 


Indicator lights (e.g., pilot-light 

type) with labels above the indicator 
light typically are used for simple 
status indications (e.g., OFF-ON in- 
dication). Lights used for this pur- 
pose are usually round and may or 
may not have protruding lens caps 
or faceted lens surfaces. For general 
usage, lights which are % in. in 
diam are sufficiently large to be seen 
from the normal work positions. 
O The display screen of indicator 
lights with legends should be rec- 
tangular and a minimum of % in. 
high by 1 in. wide. Warning or sum- 
mation alarm indicators normally 
should be somewhat larger (e.g., 
% to 1 in. high by 1 to 1% in. 
wide). All indicator lights should 
have a label on the panel above the 
indicator or a legend on the indica- 
tor itself. 
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sired accuracy and range of the record. 
93. If multiplexing of a single channel 
is employed, coding is used to distinguish 
variables (dot, dashes, dot-dashes, etc.). 


e Auditory Displays (These should be 
avoided whenever possible.) 

94. The auditory display is easily dis- 
criminable from the ambient noise. 

95. Except for recording verbal mes- 
sages, auditory displays are used only for 
low-level information. 

96. The auditory display is as brief as 
is consistent with a high degree of cer- 
tainty that the operator has heard the 
signal. 

97. When tones are used, they are inter- 
mittent or undulating (wobbling). 

98. The signal does not give the op- 
erator discomfort and does not exceed 
his capability for response. 

99. Auditory displays for one operator 
do not interfere with the performance of 
operators who do not need the information. 


e Pushbuttons 


100. For finger-tip operation, pushbutton 
(p/b) diameter is at least % in.; spacing 
between edges of adjacent p/b’s is at 
least %4 in. 

101. For thumb or heel-of-hand opera- 
tion, p/b diameter is at least % in; spac- 
ing between edges of adjacent p/b’s is at 
least 2 in. 

102. For multiple operation (e.g., on 
keyboards, keysets, or special-purpose 
matrices) the displacement of all p/b’s in 
the matrix is constant and within % to 
% in.; resistance is at least 5, but not 
greater than 20 oz. 

103. For non-matrix applications, either 
thumb- or finger-tip-operated p/b dis- 
placement is within % to % in.; resistance 
is at least 10, but not greater than 40 oz. 

104. The p/b utilizes elastic resistance 
(aided by a slight amount of sliding fric- 
tion, if possible). 

105. The effect of inertial resistance 
and viscous damping, if applicable) is 
imperceptible. 

106. If possible, an audible click is em- 
ployed. 

107. Overall component design  (i.e., 
enclosure or module, bezel, etc.) econ- 
omizes panel space. 

108. Either p/b is concave in shape to 
fit the finger, or it is provided with a 
rough surface to prevent slipping. 

109. Unless design is such that opera- 
tion of one p/b will automatically activate 
other p/b’s, there is little likelihood of 
accidental activation of more than one p/b 
at a time in a matrix. 

110. If accidental activation of a p/b 
will cause a critical situation (e.g., missile 
destruct, etc.) the p/b is well guarded by 
a channel or cover guard and/or is re- 
cessed. 

111. Alternate-action 
avoided if possible. 

112. If used, alternate-action p/b stays 
depressed in one mode. 

113. P/b’s are arranged in a horizontal 
array rather than a vertical array when- 
ever possible. 


pushbuttons are 


e Toggle Switches 


114. Control tip diameter (thickness at 
widest portion of toggle-lever) is from 


% to % in. 
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115. Lever-arm length is from % to 
1 in. 

116. Spacing between adjacent edges of 
toggle levers mounted in a row is at least 
% in. 

117. The displacement* of toggle lever is 
sufficient for visual and tactual discrimina- 
tion in its particular application. 

118. For two-position switch, centerline 
displacement between on-off mode is at least 
60 deg. 

119. For three-position switch, centerline 
displacement between adjacent positions is 
at least 40 deg from center. 

120. Maximum total displacement for 
either a two- or three-position switch is 120 
deg. 

121. From 10 to 40 oz of force is required 
to overcome switch resistance and activate 
switch. 

122. If momentary contact type, spring 
tension is sufficient to return switch to the 
null position when force is removed. 

123. The toggle switch utilizes elastic re- 
sistance which builds up, then decreases as 
the desired position is approached, so that 
the control will snap into its position and 
cannot rest between adjacent positions. 

124. The effects of friction and inertia are 
minimized. 

125. Horizontal mounting is used only for 
consistency with orientation of the con- 
trolled function, and movement to the right 
corresponds to ON, START or INCREASE, while 
movement to the left corresponds to OFF, 
STOP, OF DECREASE. 

126. Rows of toggle switches are mounted 
in a horizontal (rather than vertical) array 
to minimize inadvertent activation of the 
wrong switch. 

127. Where several toggle switches of 
similar appearance are grouped, control dis- 
eriminability is optimized by increased phy- 
sical separation, control coding, or the in- 
sertion of dissimilar controls between them. 
This is particularly important for critical 
controls. 

128. Critical toggle switches (e.g., ballast 
controls) are provided with a locking de- 
vice or control-guard cover so that at least 
two discrete operator movements are re- 
quired to activate the control. 

129. If possible, an audible click is pro- 
vided. 


e Rotary Selector Switches 

130. For bar-type control, the grasp area 
is from 1 to 3 in. in length and at least 
¥% in. wide (except for applications which 
require one or two hand grasps for apply- 
ing high torque). Grasp depth is at least 
14 in., but not more than 3 in. 

131. Spacing between edges of adjacent 
controls is as follows: (a) for one hand at 
a time randomly selecting adjacent selector- 
switch controls, at least l-in. spacing is 
maintained between control knobs at their 
closest point; and (b) for two hands simul- 
taneously selecting adjacent selector-switch 
controls, at least 3-in. spacing is maintained 
between control knobs at their closest point. 

132. For areas always white lighted (i.e., 
visual positioning possible), displacement 
between adjacent detents is at least 15 
deg or % in., whichever is greater. 


* Displacement requirements are greater than those 
stated in MIL S-21195A (Ships). 


133. For red-lighted areas (where essen- 
tially a non-visual positioning requirement 
exists), displacement between adjacent de- 
tents is at least 30 deg or % in., whichever 
is greater. 

134. Maximum displacement between de- 
tents is 45 deg, except where contact size 
or power requirements necessitate wider 
spacing, in which case up to 90 deg is ac- 
ceptable (i.e., switchboards, etc.). 

135. Elastic resistance requires from 1 to 
6 in.-lb of rotational torque to move the 
selector switch out of detent position. 

136. Elastic resistance builds up, then de- 
creases as each detent is approached, so 
that the control will rest on each detent and 
cannot stop between adjacent positions. 

137. The effects of friction and inertia 
are minimized. 

138. The selector switch has a fixed scale 
with a moving pointer. 

139. Bar-type or parallel-sided knob is 
used, except where ganged selector controls 
are used because of space limitations. 

140. If skirts are used on the control 
knob, there is a bar-type or parallel-sided 
grasp area which conforms with the above 
size requirements. 

141. The pointer is close to the scale 
index mark to minimize parallax. 

142. All knobs are black, except in red- 
lighted areas, where all knobs are gray. 
(Applies to all types of knobs.) 

143. Index numbers are not obscured 
when hand is on the control. (Applies to 
all types of knobs.) 

144. Where several knobs of similar ap- 
pearance are grouped, control discrimin- 
ability is optimized by increased physical 
separation, control coding, or the insertion 
of dissimilar controls between them. (Ap- 
plies to all types of knobs.) 

145. The grasp area on the control knob 
is provided with a rough surface finish to 
prevent slipping. (Applies to all types of 
knobs.) 

146. For a critical control whose opera- 
tion beyond a given point might damage 
equipment, two discrete operator move- 
ments are required. Furthermore, they are 
limited to one-step-at-a-time movement re- 
quiring additional discrete movements to 
free them for further manipulation. 

147. Detents are provided at each control 
setting. 

148. Where multiturn operation is not 
required, end stops are provided. 

149. Control stop resistance is capable 
of withstanding 25 in.-lb of rotational 
torque without damage to the control. 

150. If possible, there is a gap larger 
than index displacement between the be- 
ginning and end of the circular scale. 

151. In red-lighted areas, the knob 
pointer is illuminated by the panel illumi- 
nation, if possible. 
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—— FREQUENCY DEPENDENCE OF 


... a Design Consideration Analysis 


High-frequency breakdown of electrical insulation at frequencies up to 


100 mc has been investigated at The Johns Hopkins University; the re- 


sults are summarized here. Data are given for 31 different classes of ma- 


terials (plastics molding compounds and laminates, resins, ceramics, glass 


and mica). Test methods are described and the significance of the data 


obtained is discussed. 


L. J. FRISCO 

Dielectrics Laboratory 

THe Jouns Hopkins UNIverRsIty 
Baltimore, Maryland 


A CONSIDERABLE BODY of data on the electrical properties 
of insulating materials has been collected during the 
course of several investigations at the Johns Hopkins 
University Dielectrics Laboratory. Portions of these data 
can be found in various publications, and all of the 
data have been recorded in a variety of Government re- 
ports. In addition, a practical interpretation of this in- 
formation has been summarized in a single report.(]) * 
The present article will deal with that part of the sum- 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Fig. 1— Specimen of solid insulating materials in cross-section 
with %-in. diam cylindrical cavity as used in study of electric 
strength vs frequency. 


Fig. 2— Cross-section of specimen with }4-in. diam tapered 
cavity. 


110 


mary concerned with the application of dielectric break- 
down data at frequencies up to 100 mc. 

There is, of course, no universal method of applying 
electric-strength data to the problems that arise in every- 
day practice. In the power-frequency area, practice is 
well established and no attempt will be made here to 
advise those who are experienced in that field. High-fre- 
quency breakdown data, however, have received rela- 
tively little attention in the past, and field-tested methods 
of applying such data have not been developed. The fol- 
lowing discussion should serve as a useful guide in the 
application of electric-strength data in this area. 


Test Methods 


Only the uninitiated would attempt to apply breakdown 
data without critically examining the method of measure- 
ment. Although a variety of test methods is currently 
in use, and each method satisfies a specific need, the 
results obtained may differ by orders of magnitude, de- 
pending upon which of the many test methods is em- 
ployed. In fact, meaningful evaluation of electric strength 
probably depends more on the kind of test method used 
than does any cther property. 

The methods described herein were developed to pro- 
vide data on the effects of temperature, moisture absorp- 
tion and frequency (60 cps to 100 mc) on the electric 
strengths of the wide variety of solid insulating materials 
(see Tables I and II). Consequently, particular care was 
taken to avoid the compromising effects produced by dis- 
charges in the oil-immersion medium. For a given ma- 
terial, it was essential that the same specimen/electrode 
system be used throughout the frequency range and that 
the specimen thickness be held constant. Of the many 
schemes that were tried, only the recessed-electrode tech- 
nique proved to be satisfactory under all test conditions. 
The particular types of recessed-electrode specimens that 


ELECTRO-TECHNOLOGY 





ELECTRIC STRENGTH 


were employed have been discussed in previous publica- 
tions (2, 3) and the essential features will be described 
here. 

Figure 1 is a cross-sectional view of the specimen that 
was used for testing thermosetting molding compounds 
and ceramic materials. The length of the breakdown path 
is determined by the thickness of material at the base of 
the 34-in. diam cavity. Intimate contact between the high- 
voltage electrode and the specimen is obtained conven- 
iently by spraying the cavity with a conductive solder 
film. The solder solidifies immediately, and very little 
heat is transferred to the specimen. A 2-in. diam area on 
the bottom surface of the specimen is also coated in order 
to provide intimate contact with the ground ‘electrode. 
Specimens of this type have been used successfully at 
frequencies up to 100 mc, over the temperature range 
of —55 to +125 C. 

Where specimens were not available in molded form, 
it was necessary to fabricate them from flat sheet stock. 
It was found that a tapered cavity could be formed with 
a standard 1-in. diam twist drill. The flat, circular sec- 
tion at the base of the cavity (as shown in Fig. 2) pro- 
vides a favorable field distribution. A. depth gage was 
used to determine the approximate thickness of material 
at the base of the cavity; after each test, the specimen 


Table | — Materials Tested for Electric-Strength 
Dependence on Frequency 


Desig- 


nation Description 


MFI Asbestos-fabric, phenolic molding compound 
MFG Asbestos-filled phenolic molding compound 
MDAP Asbestos-filled diallyl phthalate molding compound 
DAP Diallyl phthalate molding compound, unfilled 
MFE Mica-filled phenolic molding compound 
MCM Cellulose-filled melamine molding compound 
MEM Silica-filled epoxy casting compound 

GSG Glass cloth, silicone-base laminate, Grade G-7 
GMG Glass cloth, melamine-base laminate 

GEG Glass cloth, epoxy-base laminate 

PFG Glass cloth, polytetrafluoroethylene-base laminate 
XXX Paper-phenolic laminate, Grade XXX 

xX Paper-phenolic laminate, Grade XX 

LE Linen-phenolic laminate, Grade LE 

CE Canvas-phenolic laminate, Grade CE 

¢ Canvas-phenolic laminate, Grade C 

PS Polystyrene, unpigmented 

PSQ Polystyrene, experimental resin 

PE Polyethylene, unpigmented 

PF Polytetrafluoroethylene (Teflon) 

CFE Monochlorotrifluoroethylene (Kel-F) 

GBM Glass-bonded mica 

GLASS Ordinary glass 

AL-243 Forsterite, Alsimag-243 

AL-576 Alumina, Alsimag-576 

AL-614 Alumina, Alsimag-614 

CER-S Steatite 

CER-P Dry-process porcelain 
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was cut so that the actual breakdown thickness could 
be determined with a low-power microscope. 

All the tests were conducted by applying a voltage 
which was increased from zero to maximum in a period 
of approximately 40 sec. The electric-strength values were 
obtained by dividing the rms breakdown voltage by the 
thickness in mils. Apparatus used in developing and 
measuring high voltages in the r-f range has been de- 
scribed in previous publications. (4, 5, 6) 


General Observations 


Before the accumulated numerical data can be consid- 
ered it is necessary to discuss briefly the types of failures 
that were observed as the test frequency was increased. In 
general, a drastic decrease in electric strength with in- 
creasing frequency was observed. Previous publications 
have discussed this effect in great detail.(2, 3, 6) In addi- 
tion to the marked decrease in electric strength, many 
materials exhibit important changes in the character of 
failure as the frequency is increased. The type of failure 
observed under a given set of conditions constitutes an 
essential part of the test results and must be considered 
in applying the data. 

A breakdown test at 60 cps usually results in a sudden 
discharge through the critical volume of the specimen, 


Table Il — Electric Strength of Various 
Insulating Materials at Frequencies 
from 60 cps to 100 mc rms, volts per mil) 


| Thick- | 
Ma- ness, 1 2 
terial ke mc 





MFI baa U 
MFG 63+ U 
MDAP 465 21* 
DAP 140+ 
MFE 624 609 82+ 45t 
MCM 808 429 22* 12* 
MEM 815 591 64* 
GSG 450 445 148 81 
GMG 394 332 76t 52* | 
GEG 774 647 46* 
PFG | 623 541 | 194 
xxx 940 730 | 45* 28* 
XXX-1 502 490 Be arial eee 48* 20* 
xx 1206 | 1067 ee bisa 78t 40* 
XX-1 1072 | 1009 Ae . | eet 30* 
LE 654 417 Coca 30* 
CE 574 394 en ea 33* U 
CE-1 540 500 S56 oe 32* U 

Cc 522 419 hes od 43* 

C-1 533 507 43* 30* 
PS 3174 | 2400 725 335 
PSQ 2500t | ... 345 263 
PE 1091 965 343 180 
PF 850 808 375 210 
CFE 2007 | 1478 354 129 
GBM 712 643 cog a 207 

GLASS 1532 | 1158 90 55 
AL-243 499 461 210 

AL-576 298 298 253 178 

CER-S 523 427 <a 300 80 58 
CER-P 232 226 oa 90 83 71 
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+ = Puncture with attendant volume-heating effect. 

* = Volume-type failure due to excessive heating. 
U = Unstable condition due to excessive heating at very low stress. 
t = 20 mils at 60 cps. 





provided that there is no corona in the immersion 
medium around the high-voltage electrode. This type of 
failure is familiar and needs no further description. As 
the frequency of the test voltage is increased, however, 
the loss characteristics of the material become important, 
and the lossy materials exhibit thermal effects that in- 
fluence the breakdown process. The extreme behavior 
occurs in the r-f range when the losses in a specimen are 
so great that excessive heating is encountered and the 
test must be terminated because of deformation of the 
specimen and excessive loading of the circuit. Under 
these conditions, the endpoint of the test is not well 
defined. The maximum voltage that can be applied to the 
specimen depends primarily upon such factors as the 
size and shape of the specimen and its electrodes, the 
characteristics of the test circuit, and the physical and 
chemical properties of the specimen. Fortunately, how- 
ever, the exact values of electric strength are not im- 
portant when failures of this type occur at very low 
stresses. 

This type of failure can, of course, prevail at frequen- 
cies below 100 mc, depending on the loss characteristics 
of the material. In each instance where is was necessary 
to terminate the test before a puncture was obtained, the 
numerical value of electric strength shown in Table II 
is followed by the symbol (*). No numerical values are 
given (symbol “U”) where the behavior was so extreme 
that the test was terminated at a stress of less than 10 
volts per mil. 

The transition from a sharp puncture at 60 cps to a 
pure thermal failure at some higher frequency is not 
abrupt. There is an intermediate-frequency range where 
a puncture can be obtained, but a considerable amount 
of heat is generated while the test is in progress. In some 
cases, the electric failure is accompanied by deformation 
of the specimen due to delamination, softening or blister- 
ing. This complex type of failure is designated by the 
symbol(7) in Table II. 

From the practical point of view, a description of the 
manner in which a material fails at a given frequency 
can sometimes be more valuable than the numerical data 
obtained. In fact, when a material exhibits a purely 
thermal failure (that is, when no puncture takes place 
because of excessive heating), its behavior is more like 
that of a poor conductor than a good insulator. Actually, 
there are serious doubts about assigning an electric 
strength to the material at all. Certainly, the term must 
take on a different meaning from the one we usually 
associate with dielectric breakdown. 

There are, of course, situations where a true dielectric 
breakdown is explained on the basis of thermal considera- 
tions, but in these cases, the failure still occurs in an 
abrupt manner and it involves a localized electrical dis- 
charge through the material. This type of behavior, al- 
though properly referred to as a thermal breakdown, is 
quite different from that previously described, where the 
thermal effects involve a general heating of the entire 
volume of material between the electrodes. 


Empirical Safety Factor 


An inspection of the room-temperature data summarized 
in Table II immediately reveals that there is no simple 
relationship between the 60 cps values and those which 
prevail at the higher frequencies. Consequently, in the 
selection of materials for application at the higher fre- 
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quencies, a knowledge of the 60-cps electric strength is 
of little value, despite the fact that materials are com- 
monly classified as high-, medium-, or low-strength ma- 
terials purely on the basis of 60-cps data. 

One of the striking examples of the failure of 60-cps 
data to predict the state of affairs at high frequencies 
is demonstrated by the values obtained for certain ceram- 
ics. The ceramics are, in general, low-strength materials 
at low-frequency, but at higher frequencies they often 
possess electric strengths which are considerably greater 
than those exhibited by materials which have high 
strengths at 60 cps. On the other hand, examples can 
be found of materials, [for example, mono-chlorotri- 
fluoroethylene (CFE)] that have very high electric 
strengths at 60 cps, but exhibit extremely poor behavior 
at the higher frequencies. Oddly enough, in the power- 
frequency range, where the electric strength of solid in- 
sulating materials has received a great deal of attention 
for many years, the critical design considerations are 
usually related to failure mechanisms which originate 
outside the solid insulating structure; on the other hand, 
at the higher frequencies, the electrical properties of the 
solid material frequently impose a limitation on the safe 
operating stress. 

In order to facilitate the application of the data of 
Table II, an empirical safety factor has been devised 
which yields a conservative estimate of safe operating 
stresses over the frequency range investigated. The fol- 
lowing factors were considered in arriving at the recom- 
mended formula: 


a. Thermal effects become increasingly important as the 
applied frequency is increased and, therefore, greater cau- 
tion is required in applying the high-frequency data. 

b. The test voltage was applied to the specimen for a 
period of approximately 40 sec, and during this period it 
was increased from zero to breakdown value. The recom- 
mended operating stress, however, must permit continuous 
voltage application over long periods of time. 

c. In making the electric-strength measurements, the 
use of recessed electrodes in metal-coated cavities eliminated 
compromising effects which are usually present in the 
vicinity of high-voltage hardware. Such a favorable condi- 
tion is seldom realized in practice. 

d. It is well known that the electric strength of a solid 
decreases as the breakdown thickness is increased. There- 
fore, the empirical formula must include a term which takes 
this variation with thickness into account. 

e. The critical area of the specimen was relatively small, 
which has a tendency to produce higher values of electric 
strength. 

f. There is always a considerable spread in electric- 
strength results and, in general, the spread is greater for 
high-electric-strength materials. Consequently, the average 
values given in the tables can be as much as 25 per cent 
higher than the lowest values that were observed. 

g. The breakdown tests were conducted in an immersion 
medium of transformer oil, although the surrounding medium 
may, in practice, be air. The oil not only raises the corona- 
starting level, but it also moderates thermal effects. 


If E, is the electric strength given in Table II, then the 
recommended safe operating stress E is given by 
E = FE, 
where F is the empirical relationship 
] 
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F = 





and where d, is the thickness at which E, was measured, 
d is the proposed thickness for application, and f is the 
frequency of the applied voltage in cycles per second. 
For values of d not greater than 10 d,, this expression 
is closely approximated by 


1 


(1 + /- fees) 


When d is less than 0.2 d,, the values of allowable stress 
computed in this way are likely to be too conservative, 
since thin films usually exhibit high electric strengths. 
The use of this empirical expression does, however, extend 
the data to cover the thickness range from 0.2 d, to 10 d,. 

The variation of F as a function of frequency for 
several values of d/d, ranging from 0.2 to 10 is shown 
in Fig. 3. It is apparent that considerable weight has 
been given to the variation of electric strength with thick- 
ness. The drastic effect of frequency on electric strength 
is, of course, automatically included in the breakdown 
data and, except for the increased severity of thermal 
effects, F would not be a function of frequency at all. 

Although the formula proposed for estimating the 
permissible level of stress is of empirical origin, its 
validity was established through an extensive series of 
tests. These experiments were conducted under less favor- 
able conditions than those prevailing during the electric- 
strength tests. Continuous voltages were applied for 
periods of several days, using bare electrodes that were 
not recessed. In these tests the surrounding medium was 
“room-condition” air; no attempt was made to cool the 
specimen. The experiments covered the applicable thick- 
ness and frequency ranges. Consequently, the formula 
does have some experimental verification, but it remains 
essentially a conservative guess which covers a broad 
field where the demands of practice run far ahead of 
laboratory approach and analysis. There are, of course, 
situations in which it is not necessary or desirable to 
be so conservative, such as: 


F= 


a. in certain military applications, where a device may 
have a useful life measured in terms of minutes, rather 
than years; 

b. in pulse applications, where the high-frequency voltage 
is applied in repeated pulses of very short duration (a short 
discussion of these applications is included in the next 
section) ; 

c. in the use of very thin films, where d < 0. 2d, (most 
films have very high electric strengths, so that higher operat- 
ing stresses are permissible if corona is avoided—this does 
not apply, however, to thick sections of multi-layer con- 
struction). 


Pulse Applications 


The electric-strength data which have been discussed 
thus far were all obtained by applying a continuous al- 
ternating voltage with an amplitude increasing from zero 
to breakdown in a period of 40 sec. If the alternating 
voltage had been applied in very short pulses of constant 
amplitude, the breakdown stress would be considerably 
higher. In general, it would be expected that, as the total 
number of cycles per second decreases, the electric 
strength would increase. Consequently, even at micro- 
wave frequencies, high electric strengths are observed 
if the voltage is applied in short pulses at a low pulse- 
repetition rate. Farber and Griemsmann (7) have found 
that, for single-microsecond pulses at 3300 mc, a 1-mil 
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section of polyethylene exhibits an electric strength of 
16.8-kv/mil. The strength decreases, however, if repeated 
pulses are used, and very low values would be observed 
if the voltage were continuously applied. Inuishi and 
Suita (8) have shown that electric strength is a decreasing 
function of pulse length and pulse-repetition rate at 
carrier frequencies of 400 kc and 66 mc. 

In the absence of experimental data in this area, it is 
necessary to resort to a conservative estimate of electric 
strength under pulse conditions. This can be done by 
assuming that the a-c electric strength of solids depends 
upon the total number of cycles per second, regardless 
of the manner in which the voltage is applied. If, for 
instance, a 3000-mc voltage is applied in 5-ysec pulses 
at the rate of 500 pulses per sec, the number of cycles 
per pulse is 15 X 10°, and the total number of cycles per 
second is then 7.5 X 10°. The estimated safe operating 
stress under these conditions would be found by apply- 
ing the proper safety factor (taken from Fig. 3) to the 
electric strength at 7.5 mc (taken from the appropriate 
breakdown curve). In other words, the problem has been 
reduced to one where the pulsed microwave voltage is 
considered to have the same effect on the solid insulation 
as a continuously applied r-f voltage. 

There is no experimental evidence that the assumption 
made in the preceding paragraph is valid. It provides a 
convenient means of estimating safe operating levels in 
an area where data are not available, but it should not 
be construed as a fundamental property of materials 
based on scientific observation. Where thermal considera- 
tions are important, this procedure is conservative be- 
cause the loss per cycle would generally be greater at the 
lower frequency. 

In many microwave applications, the operating levels 
are limited by factors other than the electric strength of 
solid insulation. Frequently, the upper level is dictated 
by the conditions which cause breakdown in an air-filled 
waveguide. For this reason, it is possible to increase the 
power-handling capabilities of a waveguide by replacing 
the air with a high-electric-strength gas, such as sulfur 
hexafluoride. 


Thermal Considerations 


Thermal effects have received a considerable amount 
of attention in this discussion because they play such an 
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Fig. 3 — Electric-strength safety factor from 60 cps to 100 me. 
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important role at the higher frequencies. It is well to 
point out that the increased severity of thermal effects 
with increasing frequency is not primarily associated with 
the variation of relative dielectric constant ¢«’ or loss 
factor <’, where <’ = <’ tan 8. The energy loss per cycle 
determines the value of ¢”, which is usually a decreasing 
function of frequency in the r-f range. The energy loss 
per unit time, however, is a function of we’, where o = 
2rf. Specifically, the power dissipated per unit volume 
is given by 
W = 8.6 Ee” X 10-* watt/cm® 


E 
(rms-vpm) 


100 W 


(wotts/cm3) 
for fF=I1me 


100 


50 


where E is the applied stress in volts per mil and f is the 
frequency in cycles per second. 

The nomograph shown in Fig. 4 provides a rapid 
means of determining the watts/cm* that will be dissipated 
when the applied stress, loss factor and frequency are 
known. The nomograph is based on calculated values at 
1 mc, so it is necessary to multiply the values of VW 
obtained in this way by the frequency in megacycles per 
second for frequencies other than 1 mc. 

It can be seen that W becomes quite large at the higher 
frequencies unless E and ¢” are kept small. If, for in- 


Fig. 4— Nomograph for determination of watts/cm* at 1 me. 
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stance, a dielectric is subjected to a stress of 10 vpm at 
100 me, it is necessary for ¢” to be less than 0.00] in 
order to limit the power loss to 1 watt/cm*. The values 
of W determined in this way represent the minimum 
values that can be expected in practice if room tempera- 
ture values of ¢” are used. In general, ¢’ increases with 
increasing temperature, so that a temperature rise in a 
dielectric leads to increased losses which cause a further 
temperature rise. Consequently, an unstable condition can 
develop where excessive heating causes permanent dam- 
age to an insulating part at relatively low stresses. 

It would seem that an analysis based on thermal con- 
siderations alone might provide the information required 
for design purposes. Certainly, many materials would be 
eliminated from high-frequency applications on this basis, 
but with the low-loss materials, electric strength is still an 
important consideration. 


Correlation of Loss Properties 
and Electric Strength 


New insulating materials have been making their ap- 
pearance with such regularity that comparatively few 
have been fully evaluated. Values of dielectric constant 
and tan 8 over a wide frequency range are usually avail- 
able, but electric-strength data are seldom provided for 
frequencies above 60 cps. It would be most useful if a 
knowledge of the values of loss factor gave some clue 
as to the probable variation of electric strength with 
frequency. 

All of the data accumulated over a 10-yr period in 
the Dielectrics Laboratory have been examined with the 
hope that some prediction regarding electric strength as 
a function of frequency would be possible in the case of 
any new material. Attempts to establish a direct relation- 
ship between electric strength and loss factor, or ¢’ and 
tan 8 individually, have not been successful, but certain 
broad areas of correlation merit some mention. 

The values of 60-cps electric strength for many ma- 
terials, including all common types, when plotted as a 
function of loss factor, fall within the shaded area of 
Fig. 5. These results were obtained at thicknesses rang- 
ing from 30 to 60 mils, and all tests were of 40-sec dura- 
tion. Similar data at 2 me and 100 me would be within 
the areas shown in Figs. 6 and 7, respectively. 

Figure 5 shows that materials having values of loss 
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Fig. 6— Correlation of 2-me electric strength with loss factor. 
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Fig. 5 — Correlation of 60-cps electric strength with loss factor. 


factor of less than 0.001 or up to about 0.01 may exhibit 
electric strengths above 3000 vpm at 60 cps. However, 
within this same low range of loss factor, there are ma- 
terials which have electric strengths of less than 1000 
vpm. Materials with loss factors exceeding 0.1] in some 
cases showed electric strengths greater than 1000 vpm, 
but the majority fell below 300 vpm. At very large values 
of loss factor, the electric strengths of some materials 
fell below 100 vpm. The general trend suggested by the 
results on a wide variety of materials is for electric 
strength to decrease with increasing loss factor. This is 
not proposed as an original observation; in fact, it is 
hoped that it will caution those who attempt to draw 
stronger conclusions concerning the relationship of elec- 
tric strength to loss factor. The shaded area of Fig. 5 
is of such extent that there are numerous instances of 
materials with high loss factors showing greater electric 
strengths than materials with low loss factors. The total 
recorded experience at 60 cps does not make it possible 
to predict electric strength from values of loss factor; 
however, a general range of probable values is established. 

The shaded area of Fig. 6 represents the results of 
tests made on the same wide variety of materials at 2 
me. The range of electric-strength values is much smaller 
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Fig. 7 — Correlation of 100-me electric strength with loss factor. 
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than at 60 cps, making the shaded area more compressed. 
The materials which stand a high stress—say, 400 vpm— 
have loss factors of less than 0.001. Materials having loss 
factors in the neighborhood of 0.01 exhibit electric 
strengths ranging from 30 to 230 vpm. Thus, as ¢” in- 
creases, the materials fall in a lower range of electric 
strengths. Finally, at values of loss factor approaching 
0.1, the majority of materials shows breakdown values 
far less than 100 vpm, and the character of failure is of 
the pure thermal type. 

Figure 7 illustrates that the total recorded experience 
at 100 mc may be included within an even smaller area. 
The loss factor must be well below 0.001 in order for a 
material to have an electric strength of 175 vpm. Ex- 
amples of the thermal type of breakdown become quite 
common as loss factors greater than 0.01 are encountered. 
With many materials showing loss factors greater than 
0.1, the thermal type of failure is encountered at stresses 
well below 25 vpm. 

This analysis serves as a general indication of the 
behavior that can be expected of a material on the basis 
of its loss factor. Although the range of electric-strength 
values becomes smaller at the higher frequencies, there 
is a great difference in behavior between materials which 
have strengths in the upper portion of this range and 
those which fall in the lower portion. Further studies 
have been made in which the curves of electric strength, 
watts dissipated per unit volume, and temperature rise 
in the critical volume of the specimen have been com- 
pared over the frequency range of 60 cps to 100 mc. 
These studies raised several interesting questions which 
will not be discussed here, but they failed to strengthen 
the relationship between electric strength and loss proper- 
ties. The value of this discussion lies primarily in pro- 
viding an overall picture of the observed behavior of 
a wide variety of materials. Several materials are cur- 
rently being evaluated in conjunction with the present 
research program at this laboratory, and data on these 
materials will be published in the near future. It can only 
be said at this time that no exceptions have been found 
to the general statements made in this discussion. 


Conclusion 


As mentioned previously, this paper is based on the 
experience gained during several investigations in which 
electric-strength measurements were made at frequencies 
up to 100 mc. The recommendations concerning the ap- 
plication of electric-strength data have been influenced 
not only by experimental observations, but by the per- 
formance of test equipment that was developed to facili- 
tate electric-strength measurements at the higher frequen- 
cies. In some cases, commercial instruments were pur- 
chased for the measurement of high voltage at frequencies 
above 60 cps. Without exception, these instruments failed 
at voltages well below the manufacturers’ ratings. In each 
case, it was evident that the production model of the in- 
strument had never been tested over its rated frequency 
range. Failures of this type have nothing to do with re- 
liability or quality control; they are the inevitable result 
of establishing frequency limits on the basis of theoretical 
electromechanical considerations while ignoring the ef- 
fects of frequency on the behavior of insulating materials. 
Of course, a single high-frequency test would reveal 
serious design errors of this type, but in many cases, all 
that is required is an awareness of the limitation imposed 
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on the application of solid insulating materials at the 
higher frequencies. 

Flashover studies in the frequency range of 60 cps to 
100 mc have also been conducted at this laboratory and, 
although no details can be given here, the results of those 
studies have also influenced the recommendations and 
general remarks that have been made. Oo0Oo 
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Tunnel-Diode Capacitance Measurements 


E. ADLER and R. C. WONSON 
RaYTHEON COMPANY 
Newton, Massachusetts 


THE MEASUREMENT OF THE capacitance 
of a tunnel diode is made difficult by 
the occurrence of spurious oscillations 
and by the fact that the capacitance, 
C in Fig. 1, is not directly accessible 
at the diode terminals. The effect of the 
oscillations may be overcome in two 
ways; first, by using controlled oscilla- 
tions as the basis for capacitance 
derivation, or second, by taking all 
necessary steps to avoid instability and 
employing bridge methods for the 
measurement. 

In pursuing the first course, a knowl- 
edge of the theory of negative-resistance 
oscillations is required. The negative 
resistance of the tunnel diode is a 
voltage-controlled parameter, so that 


Fig. 1 — Diode equivalent circuit. 


Fig. 2— Theoretical oscillator circuit. 


To CRO,VHF 
detector , or 
spectrum analyzer 
—_ 


0.4 zh 


— 1.5 volts 


Fig. 3 — Practical oscillator circuit. 
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a parallel tuned circuit is required* 
for oscillations to occur. The oscillator 
circuit can be drawn as shown in Fig. 
2 and the expression for the current is 


di r 1 
at © + RE 


The solution of the equation is 


di r+R. 
di RIC 


1=0 


i = Ae ~VATILHIRC)t gin wt 


where 


ry (XS EY AED 
= 250” EL 


Remembering that R, the diode nega- 
tive resistance, must be preceded by 
a negative sign, the exponential term 
becomes unity if L/r = RC, in which 
case sinusoidal oscillations result. This 
requirement can generally be satisfied 
if L/C ratios and magnification factors 
(Q) lower than those commonly found 


‘ are used. It may also be mentioned 


that, when L/r < RC (and alsor < R), 
the diode can be used as an amplifier; 
and that, when L/r > RC, relaxation 
oscillations result. 

It is theoretically possible to measure 
the capacitance of the tunnel diode by 
allowing it to oscillate in a circuit of 
known inductance, measuring the fre- 
quency, and then calculating the ca- 
pacitance. It must be remembered, how- 
ever, that the generally used expression 
»? = I/LC is strictly applicable only 
to circuits of infinite Q and that the Q 
of a practical tunnel-diode oscillator 
circuit may be rather low. This follows 
because, not only must the relation 
L/r = RC be satisfied (most easily by 
biasing the diode to a point on its 
characteristic near the valley where 
the negative resistance is high), but 
it is also desirable to damp the circuit 
to keep the amplitude of the oscilla- 
tions small so as to avoid measuring 
average capacitance values. 

A suitable oscillator circuit is shown 
in Fig. 3. The oscillator frequency used 


* Vacuum Tube Oscillators, W. A. Edson, John 
Wiley & Sons, Inc., New York (1953). 


in any particular case is governed by 
the RC time constant of the diode being 
tested, since it has been found that 
good correlation with other capacitance 
measuring methods is obtained pro- 
vided the L/r time-constant of the 
oscillator circuit is within one order 
of magnitude of the diode time constant. 
Frequencies in the range from 10 to 
100 mc have been found suitable. The 
waveform of the oscillations is best 
monitored on an oscilloscope, although 
a vhf detector or spectrum analyzer can 
be adapted for this purpose. 

Bridge Measurements. The second 
procedure to be discussed involves the 
effective suppression of oscillations and 
the use of capacitance-measuring 
bridges. Such measurements have been 
made using a Wayne-Kerr impedance 
bridge Type B601 and a General Radio 
immittance bridge Type 1607A. The 
diode negative resistance is neutralized 
by connecting a resistor in parallel with 
the diode to ensure that no spurious 
oscillations can occur. This requires a 
resistor having a value lower than the 
negative resistance of the diode. 

An important consideration in con- 
nection with these measurements is the 
unduly large effect which stray series 
inductance between the bridge terminals 
and the diode under test (in this case, 
the stabilizing resistor is in parallel 
with the diode) can have on the re- 
sults. The point is that the bridge ex- 
presses the impedance of the unknown 
as an equivalent circuit of resistance 
and reactance in parallel. Thus, when 
the circuit shown in Fig. 1 is connected 
to the bridge terminals, even if ZL and r 
are relatively small compared with R 
and C, the parameters indicated by the 
bridge may be considerably different 
from those to be expected. For this 
reason, it is advisable to use massive 
strips and/or a_ series-tuned circuit 
to connect the diode to the Wayne-Kerr 
bridge terminals, while a special diode 
mount incorporating a disk resistor 
should be used for the General Radio 
bridge nieasurements. 

It is desirable to keep the amplitude 
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Fig. 4— Typical results of bridge measurements (measuring 


frequency — 50 me). 


Fig. 5- 


of the signal applied to the diode very 
small (i.e., about 1 millivolt rms) so 
as not to sweep over an appreciable 
part of the diode characteristic. This 
requires care in the selection and 
screening of the necessary instrumenta- 
tion. 

Typical results of this type of meas- 
urement are shown in Fig. 4. These 
curves possess the shapes to be expected 
on the basis of theoretical predictions. 
It should be noticed that the change 
in diode susceptance from capacitive to 
inductive values at the extremes of the 
bias range is erroneous. It is caused by 
the effect of the lead inductance and by 
the fact that R? is not large compared 
with L/C.* 

These results were obtained at a 
measuring frequency of 50 mc. This fre- 
quency represents a compromise. A low 
frequency reduces errors due to series 
inductance, but lowers the resolution 
of the capacitance reading because the 
reactive component of the circuit under 
test becomes large compared with the 
resistive part. At high frequencies, the 


*‘*Measurements of the Equivalent-Circuit Para- 
meters of Tunnel Diodes,"’ J. Zorzy, General Radio 
Experimenter, Vol. 34, No. 7/8, July/August 1960. 


Capacitance test-set circuit diagram. 
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opposite is true. It is also possible to 
run into trouble due to resonance of 
the diode capacitance and the circuit 
series inductance. 

Simplified Test Set. The circuit shown 
in Fig. 5 was developed to provide an 
inexpensive test set for use on pilot or 
small production lines. It is based on 
what is essentially a bridge-type con- 
figuration. Lumped constants are used 
throughout. 

Before a measurement is made, the 
diode is switched to a bias point in 
the vicinity of the valley point on its 
characteristic in order that it will pos- 
sess a high d-c resistance. The first of 
the two parts of the measurement con- 
sists of equalizing the conductance of 
the diode and the dummy circuits under 
d-c conditions. Then an r-f constant- 
current signal is applied and the vari- 
able capacitor is adjusted until bridge 
balance is indicated on the r-f vacuum- 
tube voltmeter. The value of the vari- 
able capacitance is then the value of 
the diode capacitance. 

The parameters of the diode under 
test govern the frequency and circuit 
constants to be used. The circuit shown 
here operates at a frequency of 50 mc, 


High-Thermal-Conductivity Potting Compound 
Used in Canned Motor Pumps 


F. A. YEOMAN 

Materials Laboratories 
WESTINGHOUSE ELectric CORPORATION 
Pittsburgh, Pa. 


E. A. MACHA 

Atomic Equipment Department 
WESTINGHOUSE ELEectRIC CORPORATION 
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SINCE no insulating materials which can 
provide reliable operation for stator 
windings of electrical motors during 
long periods of immersion in hot water 
have been found, it has been necessary 
to protect both rotor and stator by 
enclosure in inconel cans. This hermetic 
construction imposes a difficult cooling 
problem for the stator windings. Al- 


D-C VTVM 
Disconnect for 
r-f readings 


Diode holder 


510 ohms * 


* Matched resistors 


but with good design it should be pos- 
sible to use 250 mc if desired. At these 
frequencies, the normal care and pre- 
cautions applicable to high-frequency 
circuits must be observed in the layout. 
In addition, it may be noted that, to 
ensure that the d-c balance is constant 
over the operative frequency range, a 
special low-capacitance potentiometer 
must be used for R2 and a compensat- 
ing inductance, Z1, must be added in 
the diode circuit. A special coaxial 
mount is used to hold the diode and 
the stabilizing resistor, which can hive 
a higher value than the one used in 
the bridge measurements. This ensures 
that the operating point switches to the 
appropriate point on the diode charac- 
teristic and also that the reactive com- 
ponent of the diode impedance is not 
swamped by a very small resistance. 
This special test set (and the oscilla- 
tory method described previously) per- 
mits capacitance measurements to be 
made only at discrete bias points and 
the results have limited accuracy. Meas- 
urements of higher accuracy and over 
a broader range must be made using 
a regular bridge. Oooo 


though the metal of the core laminations 
provides a good thermally conducting 
path for cooling that portion of the 
winding in the slot cells, there is no 
equally effective means for cooling the 
end turns. In some canned-motor de- 
signs, conduction cooling has been ac- 
complished by the use of copper cool- 
ing fins, copper bands, or windings of 
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braided copper. These expedients are 
complicated and expensive, and suffer 
from the further disadvantages of 
providing a potential short circuit from 
the winding to the stator can, and of 
adding to the eddy-current losses. 

Filling of the spaces between the end- 
turn sections of the stator winding and 
the outer shell of the stator with a 
thermally conducting potting compound 
of good electric strength and high 
thermal stability provides a reliable, 
effective and economic means of cool- 
ing. 


The resin used must be quite fluid 
to permit high filler contents which are 
necessary for both high thermal con- 
ductivity and low shrinkage. Thermal- 
stability requirements limit the resin 
used to the solventless silicones. 

The potting compound selected for 
this application is a solventless silicone 
resin filled with levigated alumina. 
Physical properties of this compound 
are as follows: 


Density of uncured compound: 2.15 g/ml 
Density of cured compound: 2.258 g/ml 
Shrinkage during cure: 4.4 per cent by 
volume 
Viscosity of uncured compound: 105 poises 
Coefficient of thermal conductivity: 0.0186 
watt in./in.2/deg C 
Coefficient of thermal expansion: 8.89 
105 in./in./deg C 
Tensile strength: 
3.87 & 10° psi at 25 deg C 
1.07 103 psi at 100 deg C 
0.500 & 10° psi at 200 deg C 


Tensile modulus: 

6.03 « 105 psi at 25 deg C 

1.37 & 105 psi at 100 deg C 

0.874 & 105 psi at 200 deg C 
Flexural strength: 

7.55 X 10° psi at 25 deg C 

3.05 & 108 psi at 100 deg C 

0.678 & 10° psi at 200 deg C 
Flexural modulus: 

15.9 & 105 psi at 25 deg C 

5.66 & 105 psi at 100 deg C 

1.14 & 105 psi at 200 deg C 
Compression strength: 

1.37 & 104 psi at 25 deg C 

0.635 < 10+ psi at 100 deg C 

0.272 *& 10# psi at 200 deg C 
Compression modulus: 

12.4 & 105 psi at 25 deg C 

5.36 & 105 psi at 100 deg C 

0.859 & 105 psi at 200 deg C 
Shear strength: 

7.24 & 10° psi at 25 deg C 

2.25 & 10° psi at 100 deg C 

0.966 * 10° psi at 200 deg C 
Electric strength: 381 volts/mil 


Internal Light Source Operates Relay-Potentiometer 


CoMBINING A photoconductive cell and 
light source in a small, tubular case 
has resulted in a four-terminal electro- 
optical device which may serve as either 
a potentiometer or a SPDT relay. 

If the Raytheon “Raysistor” (Figs. 1 


Fig. 1— Electro-optical relay-potentiom- 
eter contains light source and photocon- 
ductive cell. All models have 14-in. diam 
and are 2% in. long. 


=: 
Signal 


pam} ——— ntrol 
circuit = Co ° 


‘= e/e/e lets 
eee Circuit 


Photoconductive Light 5, 
element source 

Fig. 2— Cutaway view of “Raysistor” 
four-terminal electro-optical relay. 
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vs 


control current 
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Fig. 3— Transfer function of Raytheon 
Medel C106 “Raysistor.” 
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and 2) light source is a gaseous-dis- 
charge lamp, firing the lamp will lower 
photoconductor resistance by a factor 
of approximately 10°, resulting in what 
is essentially ON-OFF relay action. For 
a typical device, Model C106, on re- 


uppressed 
corrier output 
Modulating 
= 

B signal 


Corrier 3 
—> 


Fig. 4 — Suppressed-carrier modulator 
uses two switching devices. 


£ 


+ 
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Fig. 6— Automatic gain control with 
“Raysistor” provides a feedback path at 
frequencies down to d-c and excellent 
isolation, since capacitive coupling be- 
tween control and signal circuits approxi- 
mates 0.01 pf. 


sistance is 80 ohms and OFF resistance 
is 100 megohms (Fig. 3) while turn-on 
time is 0.025 sec and turn-off time is 
0.3 sec. Other models have turn-off 
times in the vicinity of 0.05 sec. When 
used as a SPST relay, the electro-op- 


Fig. 5 — Electro-optical component serves 
as a negative-resistance circuit element 
when incandescent-lamp control circuit 
and signal circuit are connected in series. 
A typical set of values are: E — 40 volts, 
I = 9 ma; and E = 17 volts, J = 23 ma. 


-120 volts 


Trigger 
signal 


Fig. 7— Normal action of the optical 
relay-potentiometer resembles that of a 
SPST relay when a gaseous-discharge 
lamp is used, but SPDT action can be 
achieved by interconnecting several units. 
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Providing close accuracy, reliability and 
stability with low controlled temperature 
coefficients, these molded case metal-film 
resistors outperform precision wirewound 
and carbon film resistors. Prime character- 
istics include minimum inherent noise level, 
negligible voltage coefficient of resistance 
and excellent long-time stability under rated 
load as well as under severe conditions of 
humidity. 

Close tracking of resistance values of 2 
or more resistors over a wide temperature 
range is another key performance charac- 
teristic of molded-case Filmistor “C” Re- 
sistors. This is especially important where 
they are used to make highly accurate ratio 
dividers. 

Filmistor “C” Resistors are automatic- 
ally spiralled to desired resistance values by 
exclusive Sprague equipment. The metallic 
resistive film, deposited by high vacuum 
evaporation, bonds firmly to special ceram- 
ic cores. Noble metal terminals insure low 
contact resistance. 

The resistance elements, complete with 
end caps and leads attached are molded in 
dense, high temperature thermosetting ma- 
terial to form a tough molded shell for max- 
imum protection against mechanical dam- 
age, moisture penetration and repeated 
temperature cycling. 

Filmistor “C” Resistors, in 4%, %4, 2 
and 1 watt ratings, surpass stringent per- 
formance requirements of MIL-R-10509C, 
Characteristic C. Write for Engineering 
Bulletin No. 7025 to: Technical Literature 
Section, Sprague Electric Co.,307 Marshall 
Street, North Adams, Mass. 

For application engineering assistance write: 

Resistor Division, Sprague Electric Co. 

Nashua, New Hampshire 
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tical device offers the advantage of no 
switching transients, no moving parts. 


Substituting an incandescent lamp 
for the gaseous-discharge lamp _pro- 
vides a means for varying the signal- 
circuit photoconductor resistance by 
changing control-lamp filament voltage. 
Such a light-sensitive potentiometer of- 
fers very low-noise operation. In _pres- 
ent potentiometric models, the required 


control voltage is 0 to 1.5 volts and 
0 to 24 volts. Power-handling capability 
of the photoconductor is 75 milliwatts. 

Figures 4 through 7 give some sug- 
gested applications for the electro- 
optical device. 

Source: Industrial Components Div., 
Raytheon Co., 55 Chapel St., Newton 58, 
Mass. OOO 


Continuous-Balance Potentiometer System Has Infinite Resolution 


FOUR LOOPED-WIRE strands in a free- 
wire strain-gage configuration form the 
variable-resistance legs of a Wheatstone 
bridge in the Minneapolis-Honeywell 
Electronik 17 potentiometer (Fig. 1). 

A servomotor drives the electrome- 
chanical strain gage, serving as a vari- 
able-resistance element, to rebalance 
the bridge when potentiometer input 
voltage differs from the reference volt- 
age. The servomotor is also mechan- 
ically coupled to a pen carriage for re- 
cording servomotor excursions on a 
chart, since the amount of motor-shaft 
rotation is proportional to the difference 
between input and reference voltages. 

The strain-gage element wires (Figs. 
2 and 3) are all pre-stressed and of 


equal resistance at potentiometer 
“zero.” If the hub (Fig. 3, enlarged 
view) is rotated slightly from its cen- 
tered position, two sets of wire strands 
are stretched while the remaining two 
are relaxed. The wire strands serve as 
legs in the bridge circuit; resistance 
changes, corresponding to degree of 
elongation, affect bridge balance. 

Extension range of the 6-in.-long 
strain-gage wire is 0.012 in., an elonga- 
tion small enough to avoid exceeding 
the material’s elastic limit. 


Source: Brown Instruments Division, 
Minneapolis-Honeywell Regulator Company, 
Wayne and Windrim Avenues, Philadel- 
phia 44. O00 


Fig. 2—Potentiometer drive module has 
the cover and range card removed to 


show the rebalancing element. The shaft 
projecting from the top is driven, through 
cable and pulley, by a servomotor that 
is not visible. 


Drive shoft 


Drive sector 


Drive strap 


Fig. 1—Strip-chart version of Electronik 17 potentiometer con- 
sists of three modules: display, drive and case. Three standard 
types of display module are available. Drive module contains 
the infinite-resolution strain-gage rebalancing element, servo 
amplifier with motor, and driving mechanism consisting of 
pulleys and cable. Electrical instrument spans as small as 1 
millivolt are offered. 


Wire strands 


>» 
Fig. 3—Mechanical construction of the strain-gage linkage is 
more clearly shown in this sketch of the “Stranducer” element. 
Wire strands are looped over four opposed pins on the pivot 
hub; this arrangement has the advantage of compensating for 
resistance changes due to ambient temperature variations, be- 
cause all four strain-gage legs are in the Wheatstone bridge 
circuit and are affected equally. The pivot arm, as it is moved 
by a mechanical linkage to the servomotor, increases length 
and resistance of two wires and decreases length (hence re- 
sistance) of the remaining two wires. A 40:1 mechanical 
reduction is used from the drive shaft to the pivot hub. 


Circuit boord 


Stranducer 
terminals (7) 
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Tomorrow's tubing technology—today 


114 tubes of full hard, seamless Type 304 stainless steel tubing, each .625 in. long, go into this pre- 
cision grinding cone tool. Superior supplies them to extremely close tolerances ready for assembly. 


Minute germanium wafers cut more accurately with 
close tolerance tubing cookie cutter 


By switching from drilled solid stock to extremely close- 
tolerance cold-drawn stainless steel tubing, a well-known 
business machine manufacturer has made an ultrasonic 
cone tool to cut germanium wafers for transistors. It is 
more accurate than its predecessor; wafers are precision 
cut and better transistors result from it. 


Use of close tolerance tubing (ID .0606 in., +.0003 in., 
ovality held to .0001 in.) has eliminated difficult drilling 
and reaming operations, permits replacement of a faulty 
tube without scrapping the entire cone, and maintains the 
extremely close tolerances required for automatic assembly 
of transistor components. 
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This cone tool is an example of how Superior tubing can be 
adapted to electrical and mechanical applications. It will 
pay you to investigate Superior tubing as a component of 
your equipment—to cut manufacturing operations, reduce 
weight, resist corrosion, improve performance, lower costs. 
Write for Stainless Catalog 22. Superior Tube Company, 
2503 Germantown Ave., Norristown, Pa. 


Superior Tube 


The big name in small tubing 
NORRISTOWN, PA. 
West Coast: Pacific Tube Company, Los Angeles, California 
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A STANDARD ROTARY SWITCH, incor- 
porating a special coupling between 
each indexed wafer, stores numbers 
with as many digits as there are wafers. 
A four-digit prototype (Fig. 1), de- 
veloped by Paul D. Shannon of the 
MIT Instrumentation Laboratory, uses 
four 12-position indexing wafers with- 
out stops. Each wafer stores any num- 
ber from 0 to 9, or plus or minus signs. 

Tumbler couplings (items 2 and 3 
in Fig. 2) consist of drive and fly 
tumblers similar to those found in com- 
bination locks. The couplings permit 
a different digit to be set on each 
wafer, starting with the wafer farthest 
from the front panel and working 
toward the wafer nearest the panel. 
Setting the neighboring wafer does not 
disturb previously set wafers. 

Using the four-wafer model of “n- 
digit switch” as an example, as the 
shaft is rotated continuously in one 
direction, the first drive tumbler (item 
1, Fig. 2) rotates until its drive pin 
engages the first fly [item 2(c)]. The 
fly rotates a maximum of 30 deg and 
engages the fly-pin portion of the fly 
tumbler [item 2(a)]. The first fly tumb- 
ler rotates the shaft of the second 
switch wafer, turning the second drive 
tumbler until its drive pin engages the 
second fly, fly pin and fly tumbler. In 
this manner, after three revolutions at 
the most, rotary motion is transmitted 
to the fourth wafer and it may be set 
in the desired position. The other three 
indexed switch wafers are set by turn- 
ing the knob alternately one way and 
then the other—one less revolution each 
time. The wafer nearest the front panel 
is set last and directly (it needs no 
coupling) by a final rotation of the 
shaft. 

To set the number 4805 on the 12- 
position prototype digit-storage switch, 
the following sequence is typical: 

1. Rotate knob three full revolutions 
clockwise to “clear” switch. 

2. Continue turning clockwise to Position 
5 and stop. 

3. Rotate knob counterclockwise two full 
revolutions, continue on to Position 0 and 
stop. 

4. Rotate knob clockwise one full revolu- 
tion, continue on to Position 8 and stop. 

5. Rotate knob counterclockwise to posi- 
tion 4 and stop. 

Now the units digit (5) is on the wafer 
farthest from the frent panel. The other 
digits follow in order. 

Source: Massachusetts Institute of Tech- 
nology, Cambridge 39, Mass. Oooo 
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Rotary Switch Stores Multiple-Digit Numbers 


Fig. 1—Rotary switch stores any four-digit number (or a three-digit number and a 
sign). Each 12-position, single-pole wafer is oriented in the same position when all 
couplings are engaged. Additional decks, one for each extra digit to be stored, may 
be incorporated. The number of tumbler couplings needed is one less than the 
number of wafers. 


part of item 2(a) 


Drive pin- 
port of item | 


y 


: rt of j 2(q) 
Section A-A part of item e(a) 


Detail of item. 2 


ie 


Fig. 2—Two views of “n-Digit Decade Switch” which stores multiple-digit numbers. 
Each indexed switch wafer stores one digit. 
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FRESH IDEAS IN RELAYS... 


Es 


ViLILILLAALAAAAALALAMAAMNMM RAM 


CHOICE of below- 
chassis or above- 
chassis connecting 
in plastic enclosures. 


SPECIFICATIONS 


CONTACTS: /ntegral with 
terminals; up to 3PDT; 
5 amp, 115 VAC or 32 VDC. 
Stationary contacts, fine 
silver inlay material; mov- 
able, solid fine silver. 


COILS: Up to 230 VAC at 
60 cps or 115 VDC. 


ENCLOSURES: Clear 
plastic. 


TERMINAL PANELS: 
Barrier type or octal plug. 


LATCHING RELAY: 
Availableenclosedinclear 
plastic with plug-in mount- 
ing; or unenclosed, 


OCTAL PLUG relays up to 
DPDT have recessed pin 
bases ... meet UL spacing 
requirements to 150 V. 


(eae 


Siocked for Immediate 
Delivery From 
Distributors or Factory... 
WRITE FOR BULLETIN 166 


OHMITE 


OHMITE MANUFACTURING COMPANY 


3613 Howard Street 
Skokie, Illinois 
eostats « Power Resistors 


Variable Transformers 


Tantalum Capacitors « Tap Switches 
Micromodules « Relay 


R.F. Chokes « Germanium Diodes 
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MULTI-USE terminals allow 
soldering, insertion in printed 
circuit board, and use of AMP 
Style 110 push-on terminals. 


ALL ENCLOSED re- 
lays mount solidly 
on base... not on 
covers. 
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ALL TERMINALS on 
one panel... permits 
insertion in printed 
circuit board. 


INTEGRAL plug-in 
base up to DPDT 
avoids wiring be- 
tween contact ter- 
minals and pins. 
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HERBERT H. WALLER, Staff Engineer 
Radio Engineering Department 

Servo CORPORATION OF AMERICA 
Hicksville, N. Y. 


VOLTAGE-REGULATED power supplies fall 
essentially into two categories. In one, 
regulation is accomplished by a series 
regulator. This series regulator usually 
takes the form of one or several tubes 
(or transistors) operated in parallel, 
the grid (or base) driven from a d-c 
amplifier (Fig. 1). In the other cate- 
gory, regulation is accomplished by a 
shunt element such as a voltage-regula- 
tor tube or Zener diode (Fig. 2). It is 
this latter circuit which is the object of 
the following discussion. 

The shunt-regulator circuit is not 
adjustable and, before the advent of 
Zener diodes, was limited to either 75-, 
105- or 150-volt supplies (or multiples 
and sums thereof) of rather limited 
current capacity. With the present 
availability of Zener diodes in voltages 
of small increments and large current 
capabilities, many applications of 
fixed-voltage, regulated-power require- 
ments may well be met by the consid- 


Some Aspects of Shunt-Regulated Power Supplies 


erably simpler shunt-regulator circuit. 
Availability of Zener diodes also makes 
it possible to reduce the a-c output im- 
pedance to any desired degree by 
merely shunting it with a by-pass ca- 
pacitor of sufficient value. Unlike volt- 
age-regulator tubes with their negative- 
resistance characteristic, Zener diodes 
do not require any limitation on the 
value of the shunting capacitor (Fig. 
3). 

In the design of the supply (Fig. 4). 
it is necessary to specify the center 
value of the non-regulated voltage, the 
series resistor, as well as the dissipa- 
tion capacity of the Zener diode. If it 
is desired to use a diode with a given 
capacity, supply-voltage specified must 
be sufficiently high to limit the current 
variation through the Zener diode. 

Assuming the normal unregulated 
input voltage to be E and the antici- 
pated range to be aE and E (2—a), 
where a (see Fig. 5) is smaller than 
unity, then R and E can be computed 
from the following simultaneous equa- 
tions: 


(Continued on page 128) 








0) 


Ratio of input center value to output, £/v 


10 20 30 
(o=0.7) 


(a=0.9) (a= 0.8) 





40 50 60 70 
{9=06) (@=0.5) (0=04) (a=0.3) 


Maximum onticipoted supply variation , per cent 


Fig. 5— Ratio of input voltage center-value to the regulated output voltage, plotted 


against the anticipated input-voltage variation. For example, the shunt regulator dis- 
cussed will provide a regulated output voltage, in spite of 25 per cent variation in 


input voltage, if mean input voltage is twice the required output voltage. 
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Regulated 


Unregulated output 


input 


D-c 


amplifier 


Reference = 


voltage a. 


Fig. 1—Series regulator for voltage- 


regulated power supply. 


Series 
resistance 


Unregulated Shunt 
input reguiotor 


Regulated 
output 


Fig. 2—Shunt voltage-regulator circuit 
using VR tube. 


Volts output 


Volts input 


VR tube 


olts output 


v ¢ 


nput 
Zener diode 


Fig. 3 — Comparison of regulation by a 
VR tube and Zener diode in a shunt 
circuit. 


nreguloted Regulated 
nput output 


Fig. 4—Shunt-regulator circuit using 
Zener diode: E is the open-circuit center 
value of the source voltage and v the 
regulated output voltage. 
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all parts and Western Electric’s Princess’ Telephone shown actual size 
= ’ 


4 


GRC small.parts 


help make the beautiful Princess Telephone a “working girl” 


GRC ingenuity at work -in small die cast sinc 
alloy and molded engineering thermoplastic parts 


GRC’s specialization in tiny, intricate, precison parts resulted in 
Western Electric engineers adoption of these critical “Princess” 
Telephone set components. 


GRC’s completely automatic high-speed single cavity techniques 
result in higher quality, more uniform precision small parts, with 
economy other means cannot approach. These same exclusive 
methods for producing small die cast and molded parts also 
provide you with the widest design latitude. 
As your ideas form . . . as you plan your products, remember: a 
you can do more... save more... when you know more about ee ae call 02 fst «5 


tiny Precinhen eg hb 7 
Pa $ 


GRC. No part size is too small. —_ ——a = 
MAX!MUM SIZES / Zinc alloy—2”, 2 oz. / Plastics—1%”", .05 oz ~ 


Find out about GRC’s unusual and complete services, and write 
for several significant guides to help you in designing simple and 
intricate small parts. 


GRIES REPRODUCER CORP. 


WORLD'S FOREMOST PRODUCER OF SMALL DIE CASTINGS / 149 Beechwood Ave., New Rochelle, N.Y. * NEw Rochelle 3-8600 
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es... ; 
R 


E(2-—a)-—V_.,. 
x —2 = + 1Z( maz) 


-re 


naz) = Maximum permissible cur- 
rent through Zener diode 
E =open-circuit input voltage 
center-value 
v — regulated output voltage 
i = output current 
R =series resistor value, in- 
cluding supply source im- 
pedance 


)f greater interest is the case in 

ich a Zener diode of adequate dissi- 
pation capacity can be assumed and 
the cireuit designed for overall maxi- 
mom efficiency. 

If normal unregulated supply voltage 
is E and the lowest anticipated supply 
voltage is aE, we may state that power 
wasted equals total input power minus 
output power: 


P, = Ei + iz) — vi (1) 
ilso, 
E-v=(i+iz)R (2) 
For the lowest supply voltage, the 
‘urrent through the regulator vanishes, 
hus: 


aE —vr=(i+0)R (3) 


From Eq (3), 
R _ ak 2 
I 
Substituting Eq (4) into Eq (2), 
ak —pv 


E-v=(i+ iz) ; 


From Eq (5), 
(E - vi 


iT tg = = 
ak — pv 


Substituting Eq (6) into Eq (1), 
_ pl(E — v)i ; 
P, =E ne a 
From Eq (7), 
- Ei — vki 


aE —»v 


Pe 


— vi 


) ferentiating Eq (8), 
dP, 


dE 


(aE — v)(2Ei — vi) — (4 — vEi)a 
ee eee ee 


Setting Eq (9) equal to zero to find a 
minimum,* 


0 = (aE — v)(2Ei — vi) — 
(E%i — vEi)a (10) 


From Eq (10), 


0 = aik? — vi — iE ql) 


Since i is never equal to zero in a use- 
ful supply, we may write 


0 = ak? +r? — WE (12) 


Solving the quadratic equation, 


E == +V1—a) (13) 
Only the positive root has physical 
meaning, thus 


_l+v 
Se). ll 
Equation (14) is interesting: it 
shows that for a shunt-regulated power 
supply to have maximum efficiency, 
there is a relationship between the 
regulated output voltage and the center 
value of the non-regulated input which 
is dependent only on the ratio of the 
lowest supply voltage (needed to main- 
tain regulation) to the center value. It 
is completely independent of current. 
For any particular design, the value 
of R as well as the power dissipation of 
R and the Zener regulator are a func- 
tion of the current. In particular: 


(14) 


(15) 


(16) 


; E(2-—a)-—» a 
fines) = -—— (Xa a (17) 
From these equations, power dissipa- 
tion may be computed as: 


Per = RG + iz(maz))” (18) 


(19) 


Figure 5 is a plot of the function in 
Eq (14). As illustrated in this graph, 
variations up to about 25 per cent can 
be accommodated with a primary sup- 
ply twice the voltage to be regulated. 
Beyond this point, the ratio of supply 
input value to regulated output rises 
rapidly and approaches infinity for a 
100 per cent supply variation. 


Pz ed Viz(maz) 


e Examp te I: Assume that a 12-volt, 
200-ma regulated supply is desired. 
Primary power variation to be antici- 


* It can be shown that the point is neither a maximum 
vor an inflection point. 


pated is +10 per cent. From the curve 
or Eq (14), the ratio of input power to 
output power for maximum efficiency 
of the supply should then be approxi- 
mately 1.5 (actually, 1.46). In other 
words, a non-regulated center-value of 
18 volts is desired. 

From Eq (15), 


0.9 X18 — 12 
- 0.2 


From Eq (16), normal Zener current is 


= 21 ohms 


2 
2 


_ 4. 
ae. 


—-- 0.2 = 86 ma 
From Eq (17), maximum Zener cur- 
rent is 
18(1.1) ~ 12 


iz(maz) = 9] — 0.2 = 171 ma 


From Eq (18), maximum dissipation is 
Pr = 2100.2 + 0.171)? = 2.9 watts 


From Eq (19), maximum Zener diode 
dissipation is 


Pz = 12 X 0.171 = 2.05 watts 


If load-current variation is also to be 
anticipated, calculation should be made 
using the maximum anticipated load 
current for i to calculate R in Eq (15), 
but using the minimum anticipated load 
current for i to calculate iz;mgz) in 


Eq (17). 


e Exampte II: Assume a 12-volt 
supply with a current requirement of 
200 ma max and 100 ma min. Assume 
also that primary power variation is 
again to be anticipated as +10 per- 
cent. As in the previous example, the 
unregulated supply center-value should 
be 18 volts, since the latter is inde- 
pendent of current requirements. 

Resistance R is calculated from Eq 
(15), using the maximum current 
which happens to be equal to the cur- 
rent in Exampte I, and R thus re- 
mains 21 ohms. Equation (16) is not 
used since “normal Zener current” has 
no meaning if the load undergoes varia- 
tions. Maximum Zener current is cal- 
culated from Eq (17) using the mini- 
mum load current: 
iz(maz) = HO DI — 0.1 = 271 ma 
Maximum resistor dissipation remains 
the same as in Exampte I. Maximum 
Zener diode dissipation is calculated 
from the new maximum Zener current 


using Eq (19) 
Pz = 12 X 0.271 = 3.24 watts 
OOO 
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knife attachment 


SORTING 


trap door 


Compact Solutions 
with Ledex 
— Rotary Solenoids 


knife 


LEDEX 
D Rotary 
Solenoid 


pba =- 


solenoids 


solenoids 


The examples shown above have one 
thing in common. They fit into com- 
pact space. Design engineers, for ex- 
ample, often find that a Ledex Rotary 
Solenoid will fit into one-quarter to 
one-half the space of a straight pull 
solenoid. 

This compactness results from the 
unique Ledex design which converts 
an efficient short axial stroke into a 
high torque to size rotary motion. A 
more uniform force is produced 
throughout the stroke, making use of 
otherwise wasted energy at the end 
of the stroke. This rotary motion can 
be used directly as in the cutting and 
sorting examples above, or can be 
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ea retary motion 
igh-thrust-te-size piston motion 


Circle 155 on Inquiry Card 


converted into linear motion, as in 
the punching example. 

Ledex Rotary Solenoids come in 8 
compact sizes, with operating volt- 
ages from 3 to 350 VDC. Choice of 
over 250 stock models ready for im- 
mediate shipment. 

Other Ledex products are ready to 
go to work as compact solutions to 
your actuating, stepping or circuit 
switching applications. Write for lit- 
erature mentioning application to 
Ledex Inc., Dayton 2, Ohio; Mars- 
land Engineering, Ltd., Kitchener, 
Ont.; NSF Ltd., 31 Alfred Place, 
London, Eng.; AEMGP, 115 Ave. 
Clement, Boulogne, France. 
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Low-Torque Tester 


In the measurement of static or rotating 
torques down to values as small as 
0.25 gm-cm, the measuring device it- 
self may introduce intolerable error. 

Power Instruments’ “Gram _ Torq- 
meter” (Fig. 1) uses the stroboscopic 
effect for minimizing the errors intro- 
duced into torque measurements when 
the moving system has a high mass. A 
very simple moving system, with 29-gm 
total weight, is sufficient to provide ac- 
curacies up to 3 per cent of full-scale 
when an auxiliary strobe unit is used 
to provide visible readings. 

Inside the clear housing of the 
device. there is a transparent acrylic 
circular dial plate with scales in gm-cm 
inscribed on both faces. Through the 
center of the dial (Fig. 2) there is one 
half of a two-part hollow shaft that is 
supported in four ABEC-7 bearings. 
The other half of the shaft drives a 
pointer. A long. bi-directionally wound, 
spiral steel spring couples the two hol- 
low shafts and provides a_ restoring 
force for any displacement. Essentially, 
the dial and pointer indicate relative 
displacement between shafts and hence 
torque. 

Accuracies obtained are 3 per cent 
for static and dynamic tests up to 100 
rpm; over 100 rpm, accuracy is 5 per 
cent of full-scale value. Readings may 
be taken for clockwise or counter- 
clockwise rotation and from either side 
of the transparent housing. 

A strobe light is not needed for static 
or dynamic tests at less than 50 rpm, 
but provisions have been made for 
proper synchronization of a strobe at 
speeds to over 10,000 rpm. 

At one point on the periphery of the 
circular acrylic dial, a tiny iron arma- 
ture is mounted. When the armature 
passes a stationary coil, a voltage is 
generated. Voltage ranges from 0.001 
at 100 rpm to 0.020 volt at 10,000 rpm, 
for triggering an auxiliary strobe and 
electronic tachometer, if desired. The 
low voltage generated minimizes the 
effects of magnetic drag on the rotating 
dial. 

The Gram-Torqmeter may be used 
for testing bearings, gear trains, re- 
mote-control positioning devices, poten- 
tiometers, small motors, clutches and 


brakes (Fig. 3). 


Source: Power Instruments, Inc., 7352 
N. Lawndale Ave., Skokie, III. O00 
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Fig. 1— Model 782 Torqmeter covers a 
range of from 0.25 to 10 gm-cm. Dial is 
driven by upper shaft; pointer by lower. 
Device for measuring both static and 
dynamic torques is being held by hous- 
ing containing built-in pulse generator 
for triggering a strobe flash or electronic 
tachometer. Pushbutton at lower right 
edge of case shifts pointer for either 
clockwise or counter-clockwise rotation. 


Pushbutton to 
operate direction 
selector 


Removoble collet 
for static and siow- 
moving torques 


Rotating 
dial s 


Four ABEC 7 q | 
ball bearings 


Dial shoft 


hee ie 


Shielded coble to input 
of strobe- tachometer 


Direction selector 
and stops 


Pointer with fluorescent 
red over white undercoot 
for high visibility 


Compensated stee! 
7 spring elements 


Pointer 
shaft 


Acrylic 
housing 


_ Iron armature 
on dial 


.Trigger-voltage 
coil 


Fig. 2 — Cross-sectional view of Gram-Torqmeter. There are three models: 0.25 to 10, 


0.5 to 25, and 2.5 to 100 gm-cm. 


Fig. 3 — Typical torque-measurement test 
setup for a miniature induction motor. 
Tests are run vertically at low torques 
to avoid side-loading the Torqmeter’s 
ABEC-7 bearings, the only source of 
error due to friction losses. Hysteresis 
magnetic brake is mounted on the lowest 
test-stand table. Bellows-style flexible 
couplings between components are pref- 
erable because of low backlash. Torq- 
meter in middle is 2.5 to 100 gm-cm 
model. 
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iS 
Stry ... 


ti) 


CROUSE -HINDS 
ARK trol 


ELECTRICAL CONNECTORS 


deliver normal operation . . . 


under abnormally severe 
conditions! 


Very little can impair the reliability of an ARK-trol 
Connector . . . short of malicious mischief. Even that 
takes some doing! 


Basic aluminum alloy components of the ARK-trol are 
high strength impact extrusions . . . anodic coated to 
resist corrosion .. . tough enough to withstand vibrations 
up to 20G’s, or shocks up to 50G’s without impairment 
of performance. Temperature limits range from —65°F. 
to +350°F. constant. And, in addition, ARK-trol is cir- 
cuit-breaking under full load. 


NEMA Ratings for other environmental factors: 


DEFINITION CONDITION 


Industrial Use Excludes dust, lint, fibres, 
flyings, oil or coolant 
seepage. 


Moisture Resistant Materials are unaffected 
by condensation. 


Raintight & Splashproof | Outdoor areas. 


Watertight Excludes water by hose 
spray or impingement. 


Dust-Tight Excludes dust, but per- 
forms normally if dust is 
accidently enclosed dur- 
ing disconnect. 


Submersible Performs normally when 
submerged in water. 


ARK-trol Electrical Connectors are U.L. listed and conform 
to J.1.C. Standard. 


REDUCED SIZE and WEIGHT: PLUG and RECEPTACLE 

SIZES RATINGS WEIGHT DIMENSIONS 
017 20-30 Amps. 7%” long x 1.630” dia. 
021 20-30 Amps. B 73%” long x 1.630” dia. 
033 30-100 Amps. ° 97%” long x 2.685” dia. 
041 100-200 Amps. . 103%” long x 3.190” dia. 


INSERT and CONTACT FEATURES 
Interiors are reversible and interchangeable. 
Four alternate polarizations (5 total). 
Available with or without provision for grounding. 
Contacts are removable. 
Crimp, solder or pressure terminations. 
One to 100 contact possibilities. 
Contact sizes: 16, 12, 10, 4, 1/0, and 4/0. 
Three types of cord grip: standard, mechanical and 


ME Say wire mesh. 


Write for Bulletin 2711 containing complete descriptions, speci- 
fications and configuration patterns. 


REG. U.S. PAT. OFF. 
Syracuse, New York USA 


OFFICES: Albany Atlanta Baton Rouge Birmingham Boston Buffalo Charlotte Chicago Cincinnati Cleveland Corpus Christi Dallas Denver Detroit Houston Indianapolis Kansas City 
los Angeles Milwaukee New Orleans New York Omaha Philadelphia Pittsburgh Portland, Ore. St.Louis St.Paul Salt lake City San Francisco Seattle Tampa Tulsa Washington 
RESIDENT REPRESENTATIVES: Baltimore, Md., Meriden, Conn., Reading, Po., Richmond, Va., Springfield, Mass. 

Crouse-Hinds of Canada, Lid., Scarborough, Ont. Crovse-Hinds-Domex, S.A. de C.V. Mexico City, D.F. Peterco, Sao Paulo, Brazil 
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GENERAL 
INSTRUMENT 


CAPACITORS 





The GENERAL INSTRUMENT CAPACITOR DIVISION enters the elec- 
tronics world with 60 years of experience. Formed by a consolidation 
of Pyramid and Micamold, the new GENERAL INSTRUMENT CAPACI- 
TOR DIVISION combines Pyramid’s 23 years of experience and Mica- 
mold’s 37 years under one, new corporate roof. 

What does this mean to you? m= You now have a major new source for 
capacitors...with a product line that meets almost 100% of your capaci- 
tor requirements. (You'll be especially interested in our Tantalums — 
Dipped Micas—Subminiature Electrolytics and Film Capacitors)... 
with modern manufacturing and research facilities capable of handling 
everything from special high-reliability capacitors to high-quality, large 
production runs...with experienced and imaginative designers, engi- 
neers and technicians approaching each assignment from one point 
of view—yours!...with a nationwide staff of trained and experienced 
sales engineers ready to sit down at a moment’s notice to help you work 
out your capacitor problems...with marketing and financial resources 
that insure a sound pricing policy, and prompt, reliable deliveries, not 
some of the time, not most of the time, but all the time. m= Find out how 
this new ‘‘60-year old”’ source of capacitors can work for you. Come see 
us at the WESCON Show, Booth 1912. Write for engineering bulletins 
to GENERAL INSTRUMENT CAPACITOR DIVISION, Darlington, S.C. 


GENERAL INSTRUMENT CAPACITOR DIVISION 


GENERALINSTRUMENT CORPORATION 
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Stromberg- 
Carlson 
lightweight 


... for a wide range of appli- 
cations such as dictating sys- 
tems, mobile radio, carrier 
and microwave. 


These new lightweight Stromberg-Carl- 
son handsets, No. 33 and No. 35, in- 
corporate push-to-talk switches, broad- 
ening the range of their applications. 
Both feature high-gain, high-efficiency 
transmitter and receiver. 

The No. 33 model is furnished with 
a bar-type switch, located on the un- 
derside of the handle. 

The No. 35 handset is furnished with 
a button switch on the side of the 
handle near the receiver end. Also 
available with both button and bar 
switches. 

For technical details and ordering 
information, contact any of these sales 
offices: Atlanta—750 Ponce de Leon 
Place, N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand 
Avenue; Rochester—1040 University 
Ave.; San Francisco—1805 Rollins Rd. 


GENERAL DYNAmics 
/ELECTRONICS 
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Solid-State Circuits Conference 
Call-for-Papers 


The 1962 International Solid-State Cir- 
cuits Conference, the ninth annual 
meeting, will be held February 14-16, 
1962, on the campus of the University 
of Pennsylvania and at the Sheraton 
Hotel, Philadelphia. 

Sponsored jointly by the AIEE, IRE 


and the University of Pennsylvania, the 


| conference will feature papers dealing 


with circuit properties, circuit philoso- 
phy and design techniques related to 
solid-state devices in general areas, 
such as solid-state memory, storage and 
logic; solid-state microwave amplifica- 
tion, oscillation and conversion; solid- 
state devices performing an integrated 
circuit function; unconventional power 
supplies; cryogenic applications; opto- 
electronic applications; and advanced 
circuitry, with emphasis on significant 
developments. 

Papers representing original con- 
tributions in these and related fields are 
invited. Abstracts of 300-500 words ac- 
companied by author’s name, affiliation, 
address and telephone should be sent 
by November 1, 1961, to R. H. Baker, 
Room C-237, MIT Lincoln Laboratory, 
Lexington, Mass. 


1961 List of ASTM 
Publications Available 


The American Society for Testing Ma- 
terials announces the availability of a 
62-page list of publications. Published 
in April 1961, this list describes the 


| symposia, manuals, special publications, 


indexes, compilation of standards, 


| charts, reference photographs and re- 


ports published by the Society through 
the years. More than 300 items are de- 
scribed, 40 of which are new and not 
previously listed. The publications cover 
all phases of materials and their evalu- 
ations. 

The list may be obtained free from 


| the American Society for Testing Ma- 


terials, 1916 Race St., Philadelphia 3. 


Plastics Insulation Group 
Announces Activities 


Included in the program of the Pro- 
fessional Activity Group on Plastics in 
Electrical Insulation of the Society of 
Plastics Engineers are an encapsulation 
workshop planned for May 1962; a new 
book in the SPE series, Processing of 
Thermosetting Resins, under editor 
W. Gammel; and a panel discussion, 
“Defining Tomorrow’s Requirements for 
Electrical Insulation,” planned for the 


ASSOCIATION Activities 


1962 Technical Conference in addition 
to the usual electrical insulation ses- 
sion papers. 

Two task groups have been activated, 
one working to establish standards for 
reporting properties for encapsulating 
resins for users and suppliers, the 
second working on the formation of an 
abstracting service. Those interested in 
assisting any of these activities may 
contact Secretary G. F. Chadwick, 
Speer Carbon Co., Packard Rd., 
Niagara Falls, N. Y., for further de- 
tails. 


MAECON to Sponsor Reliability 
Symposium 


The Kansas City IRE Section will spon- 
sor a symposium on Electronic Sys- 
tems Reliability on November 14, 1961. 
The symposium is planned to stress 
product or “hardware” reliability; 
papers on MTF prediction, reliability 
evaluation and process and fabrication 
techniques to improve reliability will 
be included. 


Call for Papers for 1962 IRE 
International Convention 


Prospective authors for the convention, 
to be held March 26-29, 1962, at the 
Waldorf-Astoria and the New York 
Coliseum, New York, are requested to 
submit all of the following information 
by the deadline date of October 20, 
1961: 100-word abstract in triplicate, 
title of paper, name and address; 500- 
word summary in triplicate, title of 
paper, name and address; indication 
of the technical field in which the paper 
falls. Address all material to Dr. Donald 
B. Sinclair, Chairman, 1962 Technical 
Program Committee, The Institute of 
Radio Engineers, Inc., 1 East 79 Street, 
New York 21. 


Electrical Engineering 
Exposition Sponsored by AIEE 


Firms representing every phase of the 
electrical/electronics industry have 
been invited to participate in the first 
industry-wide national Electrical En- 
gineering Exposition sponsored by the 
AIEE. The exposition will be held 
January 29-February 2. 1962, in the 
New York Coliseum, in conjunction 
with the Winter General Meeting of 
the AIEE. Several hundred different 
categories of electrical-electronic equip- 
ment, materials and services will be 
featured. Detailed information about 
the exposition may be obtained from 
the Reber-Friel Company, 117 So. 17 
St., Philadelphia 3. 
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The @ 196A Oscilloscope Camera provides 
pictures as sharp and clear as the 
original CRT trace. The pictures are 9/10 
full size (or full size, see Specifica- 
tions), distortion free, “flat” and 
scalable. Multiple exposures, up to 

11 traces per picture, are simple. 


Polaroid Land films give you prints 

in 10 seconds, transparencies 

in two minutes. Resolution of 

the new 10 second film is 50% im- 

proved. Very fast Type 47 (ASA 

speed 3,000) Polaroid Land 

film can record the fastest 

transients. Its high sensi- 

tivity gives you better pictures 

from your oscilloscope. The picture 

above shows a single damped 10 MC 

sine wave photographed on this film in the @ 196A. 

You can mount or dismount Mode! 196A with one hand; change 

f-stop and shutter settings with the camera on the scope; tab 

pulling is easy; and you can keep your glasses on while viewing 
the image with both eyes. 


Check the specifications for the ® 196A Oscilloscope Camera and 
ask your ® representative for a demonstration on your scope! 


- SPECIFICATIONS 


[ tens: | Wollensak 3” (75 mm) #/1.9 Oscillo-Reptar =| 
(Shutter: | Alpha #3. Time, 1/100 to 1 second SS—*S 
[Print Size; ___——+(| SMa" x 4i4" Image area 2%" x3-19/18 
| film =  ———__|__ Polaroid® Land Types 42, 44, 46, 46-L, 47. 
S. 


HEWLETT-PACKARD COMPANY 
1060M Page Mill Road —_—Palo Allto, California, U.S.A. 
Cable “HEWPACK” DAvenport 6-7000 


Sales representatives in all principal areas 
6945 Polaroid® by Polaroid Corp., Cambridge, Mass. 
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High resolution, 
distortion-free 
pictures just like 
this, and this same 
size, are yours 
immediately 

with the Gp 196A 
Oscilloscope 
Camera plus new 
Polaroid® Land 10- 
second-developing, 
3000 speed film 


Slides For Projection can be Produced in Min- 
utes. Black and white transparencies of oscillo- 
scope traces in standard 3%” x 4%”, lantern 
slide size, are instantly ready for projection with 
Polaroid Land Film, type 46L. 


Polaroid transparencies (ready in 2 minutes) 
from your # 196A can be attached to typewrit- 
ten repro masters of a report for distribution 
within the plant. They are easily reproduced in 
one pass through a diazotype machine (Bruning, 
Ozalid, Technifax, etc.). 


Write direct for new, 
illustrated booklet on 
oscilloscope photography 





HIGH-SENSITIVITY 
SWITCHING 
@ LOW UNIT COST 


highly reliable 
low wattage relays 
from LIONEL 


solder lugs or plug-in 
terminals for printed 
circuit boards 


insulating bases and 
dust covers optional 
* 


TYPICAL UNIT 
Rating: 50 milliwatts 
Impedance: 2300 ohms 
Pull-in current: 4.7 ma 
Drop-out current: 1.0 ma 
Electrical specifications 
can be changed to suit 
application. 





Send for data on 
“4325 SERIES” RELAY 
Write Dept. 28-MR 


LIONEL 


ELECTRONICS DIVISION 


Hillside, New Jersey 
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CALENDAR of Meetings 


_SEPTEMBER_ 


Aug. 15-17—1961 Cryogenic En- 
gineering Conference (sponsored by 
University of Michigan), Ann Arbor, 
Mich. 


Aug. 16-18—Second International 
Electronic Circuit Packaging Sym- 
posium (sponsored by University of 


Colorado), Boulder, Colo. 
Aug. 22-25—Western Electronics 


Show and Conference (sponsored by 
WCEMA), Cow Palace, San Fran- 


cisco. 


Aug. 23-25—Pacific General Meet- 
ing, AIEE, Hotel Utah, Salt Lake 
City, Utah. 


Aug. 28-Sept. 1 — International 
Heat-Transfer Conference  (spon- 
sored by ASME), University of 
Colorado campus, Boulder, Colo. 


Sept. 5-8—Eleventh National Chem- 
ical Exposition (sponsored by ACS) 
International Amphitheatre, Chicago. 


Sept. 5-8—Sixteenth National Con- 
ference, Association for Computing 
Machinery, Statler Hilton Hotel, Los 
Angeles. 


Sept. 6-8—1961 Joint Nuclear In- 
strumentation Symposium  (spon- 
sored by AIEE, IRE and ISA), 
North Carolina State College cam- 
pus, Raleigh, N. C. 


Sept. 6-8-—National Symposium on 
Space Electronics and Telemetry 
(sponsored by IRE), University of 
New Mexico campus, Albuquerque, 


N. M. 


Sept. 6-13—International Confer- 
ence on Electrical Engineering Edu- 
cation (sponsored by AIEE, ASEE 
and IRE), Sagamore Conference 
Center, Syracuse University, Adiron- 


dacks, N. Y. 


Sept. 11-15—ISA Fall Instrument- 
Automation Conference and Exhibit 
and ISA Sixteenth Annual Meeting, 
Memorial Sports Arena, Los An- 
geles. 


Sept. 14-15 — Symposium on En- 
gineering Writing and Speech (spon- 
sored by IRE), Bellevue-Stratford 
Hotel, Philadelphia. 


Sept. 20-21—Industrial Electronics 
Symposium (sponsored by AIEEF, 
IRE and ISA), Bradford Hotel, 
Boston. 


Sept. 20-23—Program for Ceramic- 
on-Metal Processes (sponsored by 
American Ceramic Society), French 
Lick-Sheraton Hotel, French Lick, 
Ind. 


Oct. 1-4—Electrochemical Society 
Meeting, Hotel Statler, Detroit, 
Mich. 


Oct. 1-6 — International Scientific 
Radio Union, CISPR (sponsored by 
IEC and IRE), University of Penn- 


sylvania campus, Philadelphia. 


Oct. 2-4—Seventh National Com- 
munications Symposium (sponsored 
by IRE), Municipal Auditorium, 
Utica, N. Y. 


Oct. 3-6—Ninth Annual Human 
Engineering Institute, Dunlap and 
Associates, Inc., Stamford, Conn. 


Oct. 9-11—National Electronics 
Conference (sponsored by AIEEF, 
EIA and IRE), International Amphi- 
theatre, Chicago. 


Oct. 17-19 —Lubrication Confer- 
ence (sponsored by ASME-ASLE), 
Morrison Hotel, Chicago. 


Oct. 19-20—1961 National Confer- 
ence on Industrial Hydraulics (spon- 
sored by Illinois Institute of 
Technology and Armour Research 
Foundation), Sherman Hotel, Chi- 
cago. 


Oct. 23-25—Annual Meeting of the 
Conference on Electrical Insulation 
(sponsored by National Academy of 
Sciences-National Research Coun- 
cil), Pocono Manor Inn, Pocono 
Manor, Pa. 


Oct. 23-25 —East Coast Confer- 
ference on Aerospace and Naviga- 
tional Electronics (sponsored by 
IRE), Lord Baltimore Hotel, Balti- 


more, Md. 


Oct. 23-25—International Commit- 
tee for Suppression of Radio Inter- 
ference, URSI-IRE Fall Meeting 
(sponsored by URSI and IRE), 
University of Texas campus, Austin, 
Texas. 


Oct. 26-28—1961 Electron Devices 
Meeting (sponsored by IRE), Shera- 
ton Park Hotel, Washington, D. C. 


Oct. 30-31—Radio Fall Meeting 
(sponsored by EIA and IRE), Hotel 
Syracuse, Syracuse, N. Y. 


DMO WU 
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Anaconda 
Strip-copper coils 
cut size and weight 


Strip-copper coils cut the size and weight of 
electrical equipment ranging from watt-hour 
meters using relatively small coils to pole- 
mounted distribution transformers rated up to 
500 Kva. In many instances operating char- 
acteristics can be improved as well. 


Anaconda is now supplying high-quality 
copper strip for such uses. The quality of the 
copper has been extended to the finish, the 
edge, the packaging and handling. It is de- 
burred, carefully packaged to prevent edge 
damage, and made available in a wide range of 
thicknesses and widths to satisfy all needs. 


Whatever your use of coils, whatever size 
and capacity you wind, Anaconda copper strip 
promises economies in size and weight. 


Technical Assistance in the application of 
Anaconda strip copper to your coil design 
problems is available from the Metallurgical 
Dept. Address: Anaconda American Brass Co., 
Waterbury 20, Conn. In Canada: Anaconda 


American Brass Ltd., New Toronto, Ontario. 
61-915 


AMERICAN BRASS COMPANY 


AUGUST 1961 Circle 161 on Inquiry Card 





.. Variations 
ona 


BR-12P (case removed) 


In one versatile new BR-12 micro-miniature 
series, Babcock offers relay types suitable to a 
wide range of novel uses in extreme environments. 
The BR-12P is an especial boon to those designing 
for both sides of the component card due to low profile 
and side header mounting arrangement. A second type, 
the BR-12K, provides sensitivity down to 20 mw. Both types 
have contacts rated at dry circuit through 3 amps resistive. 
Performance characteristics are generally shared with other 
types in the BR-12 Series. All are available with activated 
getter material, providing lifetime prevention of contami- 
nation effects at dry circuit to rated current on contacts. 
You are invited to request 
complete technical data. 


BR-12K 


PERFORMANCE 
CHARACTERISTICS - BR-12 SERIES 


Contact Rating 3 a: tive rah tandard 
Vibration: M " 


Shock 
Temperature 
amen ra 


f Ow BABCOCK beni INC. 
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BOOK Reviews 


Edited by ArNnotp E. Ruban, 
Associate Editor 


Transistor Logic Circuits, R. B. 
Hurley. John Wiley & Sons, Inc., New 
York (1961), 363 pages, $10.00. 

The first part of this book takes the 
reader from elementary binary arithme- 
tic and Boolean algebra through mini- 
mization techniques. This is followed 
by treatment of diodes and transistors 
and a section relating the mathematics 
to the devices in logic circuits. 


Probability with Statistical Ap- 
plications, F. Mosteller, R. &. K. 
Rourke and G. B. Thomas, Jr., Ad 
dison-Wesley Publishing Co., Inc.., 
Reading, Mass. (1961), 478 pages, 
$6.50. 

Covered in this introduction to prob- 
ability theory are the normal distribu- 
tion and the central limit theorem, 
sample space, conditional probability, 
independence, Bayes’ theorem, Cheby- 
shev’s theorem and binomial distribu- 
tion. 


Analysis of Linear Systems, D. K. 
Cheng, Addison-Wesley Publishing 
Co., Inc., Reading, Mass. (1961), 431 
pages, $9.75. 

The aim of this textbook is to furnish 
a thorough exposition of the two es- 
sential steps involved in the analysis 
of a physical system: the setting up of 
the mathematical equations that de- 
scribe the system in accordance with 
physical laws, and the solution of these 
equations to appropriate initial or 
boundary conditions. The Laplace trans- 
form method is used for solving linear 
differential and __ integro-differential 
equations. 


Boolean Algebra and Its Appli- 
cations, J. E. Whitesitt, Addison- 
Wesley Publishing Co., Inc., Reading. 
Mass. (1961), 182 pages, $6.75. 

Applications presented in this introduc- 
tion to Boolean algebra are to algebra 
of sets, symbolic logic and circuits (in- 
cluding switching, relay and computer 
circuits). Similarities between sets, 
logic and circuit problems are em- 
phasized. 


Introduction to Electrical Engi- 
neering Science, H. A. Foecke, 
Prentice-Hall, Inc., Englewood Cliffs, 
N. J. (1961), 778 pages, $15.65. 

Subject matter is treated analytically 

rather than descriptively in this study, 
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TEFLON* INSULATING MATERIALS—pressure 


sensitive and non-pressure sensitive tapes, spaghetti 
: and large size flexible tubing, Hi-VPM film... 


for tough, temperature-stable Class H service. 


*Du Pont Trademark 


uate 


NEW BRUNSWICK, NEW JERSEY «+ TAPES+ ELECTRICAL INSULATING MATERIALS*+ ADHESIVES 


which concentrates on principles that 
apply to all facets of electrical engi- 
neering (circuits, fields, machines, etc.). 
New material includes graphical tech- 
niques of non-linear circuit analysis; 
dynamic response of circuits and ma- 
chines; methods of writing circuit equa- 
tions; and use of Laplace transform for 
obtaining solutions of circuit equations. 


Friden makes a 
desk calculator that 
does this automatically 


Topology, J. G. Hocking and G. S. 
Young, Addison-Wesley Publishing 
Co., Inc., Reading, Mass. (1961), 
374 pages, $8.75. 

Both point-set and algebraic methods 
are presented in this treatment of basic 
topology. Topics mentioned include 
elementary homotopy and homology 
theory of simplicial complexes, Peano 
continua, the Eilenberg-Steenrod axioms 
for simplicial theory, and the elements 
of topology of the n-sphere. 


Transistor Circuit Analysis, M. V. 
Joyce and K. K. Clarke. Addison- 
Wesley Publishing Co., Inc.. Reading, 
Mass. (1961), 461 pages, $10.75. 

New material included in this book 
covers emitter-follower transient re- 
sponses, video amplifier with maximum 
flatness and maximum gain _band- 
width products, and distributed ampli- 
fiers. The reader is led from a study of 
low-frequency models to an examina- 
tion of high-frequency effects, noise 
and saturation effects. 


Books Received 


Transistor Substitution Handbook, Howard 
W. Sams Engineering Staff, Howard W. 
Sams & Co., Inc., Indianapolis (1961), 
$1.50 (paper). 

Information Retrieval and Machine Trans- 


The Friden Model SRW is the only 
calculator in the world that extracts 
square root at the touch of a key. 


Because it does, a tedious, time-con- 
suming job becomes as easy (and as 
quick) as entering the radicand, fixing 
the decimal point, reading the answer. 


lation, edited by Allen Kent, Interscience 
Publishers, Inc., New York (1961), 1376 
pages, $20.00. 

Handbook of Thermophysical Properties of 
Solid Materials, Vol. 1, A. Goldsmith, 
T. E. Waterman and H. J. Hirschhorn, 
Pergamon Press, Inc., New York (1961), 
758 pages, $90.00 for five-volume set. 

Your Future in Electronic Engineering, 
Sol Levine, Richards Rosen Press, Inc., 


New York (1961), 160 pages, $2.95. 

Printed Circuits, J. M. C. Dukes, Mac- 
Donald & Co., Ltd., London (1961), 228 
pages, 40 shillings. 

Foundations of Geometry, K. Borsuk and 
W. Szmielew (translated from the Polish 
by E. Marquit), Interscience Publishers, 

Call your local Friden Representative for a no-obligation, ten-minute Inc., New York (1960), 444 pages, 

demonstration. Or write: Friden, Inc., San Leandro, California. $12.00. 

Instrument Ball Bearings, P. J. Geary, 

THIS IS PRACTIMATION: automation so hand-in-hand with sritish Scientific Instrument Research 
racticality there can be no oth ord . Association, Chislehurst, Kent, England 

. : 0 other word for it. (1961), 73 pages, 23 shillings, sixpence 
(paper). 

Value Engineering, Volume 2, edited by 
R. S. Mandelkorn, Engineering Publish- 


s 
ers, Elizabeth, N. J. (1961), 167 pages, 
> $7.50. 
Industrial Control Electronics, M. Mandl, 
Prentice-Hall, Inc., Englewood Cliffs, 
N. J. (1961), 344 pages, $10.65. 


Because the time it saves generally belongs to high-priced people, 
the SRW will pay for itself even if used only a few times a day for 
square root. (The Model SRW is also a complete desk calculator 
in its own right, with all of Friden’s time-saving features. ) 


© 1961 FRIDEN, Inc. 


SALES SERVICE AND INSTRUCTION 
THROUGHOUT THE Uv. Ss. AND WORLD 
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electrical 
circuits 


National 
Acke Company 
cme Zs. 


Sales Offices: Newark 2, N. J., Chicago 6, lil., Detroit 27, Mich. 
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SYNCHRO 


Hansen SYNCHRON 
being assembled 
into ‘EC’ Local 
Controller unit 


A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in “EC” Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals — and all 
other intervals which remain constant regardless of cycle length . . . and also govern 
the 4 independent traffic splits (time division for vehicular traffic) — as well as any 
interval which is variable according to cycle length. The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply .. . the one govern- 
ing variable intervals responds to variable frequency from the master control unit. 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signal has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SY NCHRON Timing Motors. 


SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 

HANSEN REPRESENTATIVES: 

THE FROMM COMPANY 

5150 W. Madison, Chicago, Illinois 

H. C. JOHNSON AGENCIES, INC. 

Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 

Binghamton, N. Y. — Schenectady, N. Y. 
ELECTRIC MOTOR ENGINEERING, INC. 

Los Angeles, Calif. — (Olive 1-3220) 

Oakland, California 

WINSLOW ELECTRIC CO. 

New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 


HANSEN "Geen tie 
MANUFACTURING 
COMPANY, INC. 


ANA 


en 
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| Engineering 
| Standards 


Alumina Ceramics 
Manufacturers Association 
Standards 


Book containing data relating to the 
production, design, purchase and use 
of alumina ceramic materials is avail- 
able from Diamonite Products Manu- 
facturing Co., Shreve, Ohio. 


Ferrite Core Standards 


21-61, Ferrite Electronic Cores, 50¢, de- 
fines the common terms that apply to 
magnetic cores of ferrite usually used 
in electronic equipment, lists preferred 
standard dimensions and dimensioning 
practices for plain cores, hollow cores, 
threaded cores, cores with inserts, sleeve 
cores, toroidal cores, coil forms, antenna 
cores and cup cores. Copies may be 
obtained from the Ferrite Manufac- 
turers Association, 60 East 42 St., New 
York 17. 


Metal Powder Standards 


7-61, Determination of Iron Content of 
Iron Powder, 50¢, covers procedures 
for the chemical analysis of granular 
iron powder to determine the total iron 
content, metallic iron content, and 
ferric and ferrous oxide content. Copies 
may be obtained from the Metal 
Powder Producers Association, 60 E. 
42 St., New York 17. 


Scientific Apparatus Standards 


RC-1, Mechanical and Electric Chart 
Drive Speeds of Circular Charts. 

RC-2, Air Pressures for Pneumatic 
Controllers and Transmission Systems. 
RC-5, Resistance Thermometers. 
RC-9, Temperature-emf Relation for 

Iron-Constantan Thermocouples. 
RC-11, Mechanical Chart Drives. 
RC-3, Accuracy and_ Sensitivity 

Terminology as Applied to Industrial 

Instruments. 

RC-4a, Bimetallic Thermometers. 
RC-6b, Fiiled-System Thermometers. 
RC-7a, Liquid-in-Glass Industrial 

Thermometers. 

RC-8a, Thermocouple Thermometers 

(Pyrometers). 

RC-12, Panel Cut-Out Dimensions. 
RC-17, Bushings and Wells for 

Temperature-Sensing Elements. 

RC-18, Markings for Adjustment 

Means in Automatic Controllers. 
These standards are available at 25¢ 

per copy from Recorder-Controller Sec- 
tion, Scientific Apparatus Makers As- 
sociation, 370 Lexington Ave., New 


York Le 
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High-Performance 


NUMBER 16—NEW PPODUCT SERIES 


Commercial Potentiometer— Under $1 


Now—solve the quality-price dilemma with Bourns E-Z Trim® 
commercial potentiometers. These subminiature thorough 
breds are direct descendants of the time-proven Trimpot® 
potentiometer, and their performance They stand 
up to steady-state humidity and fully satisfy the requirements 
for such demanding applications | 


shows it 


; industrial contr 


Settings you make with E-Z T ; are pinpoint-shart 


thanks to the superior angular resolution afforded by the 


15-turn shaft. They stay that way, too, because the shaft | 
self-locking. Adjustments ; 
screwdriver does the job 


Pate 


simple—an ordinary 


Take your choice of wirewound or Resiston® carbon units. 
Wirewound Model 3067 handles a hefty % watt at room 
temperature, is available with resistances of 100 ohms to 
20K. Carbon Model 3068 offers resistances of 20K to 1 Meg. 
Both units 


termina 


have either printed circuit pins or solder lug 


Order in production quantities of 1000 or more, and these 
exceptional potentiometers are yours for under $1 each. Tell 
us you're in a hurry, and you'll have them within 48 hours 
—they're on the shelf from coast to coast. Write now for com- 
plete data and list of stocking distributors. 


‘Manufacturer: Trimpot® potentiometers; transducers for position, pressure, acceleration. Plants: Riverside, California; Ames, lowa; and Toronto, Canada 
SEE BOURNS PRODUCTS AT WESCON BOOTHS 3102-3104. 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of Elec- 
tro-Technology, the board of editors 
determines which editorial articles 
are to be made available to readers 
in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular Electro-Technology 
reader qualifies for one copy of 
all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


C) 941—Human Factors Engineering Standards, 
August 1961, 7 pages. The basic considerations 
underlying *:the development of human-factors 
standards and specifications for a given system are 
discussed. Step-by-step procedures are described as 
applied to equipment designed for the Polaris sub- 
marine, but that may be adapted for other systems 
as well. Such procedures involve system componert 
search and evaluation from the human-factors 
standpoint. Selected design ‘‘guidelines”’ and “‘check- 
lists’ that result from procedures and studies are 
included in this article as illustrations. 


[) 937—Semiconductor Failure Analysis Using 
Characteristic Curves, August 1961, 4 pages. 
Various types of semiconductor failures ( mechanical 
stress, voltage breakdown, degradation, etc.) are 
described and their causes enumerated. Illustrations 
show how each type of failure affects the charac- 
teristic curve so that they can be recognized when 
testing components. 


(1) 952—Frequency Dependence of Electric 
Strength . . . a Design Consideration Analysis, 
August 1961, 7 pages. The results of an intensive 
research program at The Johns Hopkins University 
Dielectrics Laboratory to determine the breakdown 
values of electrical insulation at frequencies up to 
100 mc. Data are summarized and analyzed on 31 
different classes of materials, including plastics 
molding compounds, resins, plastics laminates, 
ceramics, glass and mica products. 


[™ 921—Factors Contributing to Backlash in 
Gear Trains, July 1961, 8 pages. Largely re- 
lating to fine-pitch spur-gear trains, effects con- 
sidered include changes in center distance, pres- 
sure angle, total composite error in gears; thinning, 
deflection and wear of teeth; also radial play 
in bearings, shaft twist, and differential expan- 
sion between housing and gears. 


( 936—Relay Designers and Users Meet, July 
1961, 5 pages. A summary report on selected 
papers presented at the Ninth National Confer- 
ence on Electromagnetic Relays. Subjects covered 
by the papers reviewed are: relay-contact failure, 
special telephone-relay contacts, a contact spring 
for reduced chatter in high-speed relays, high- 
speed relay operation with minimal power, dry- 
reed relay logic device, r-f interference suppression, 
and rating and testing methods. 


0) 916—Semiconductor Rectifier Characteris- 
tics, June 1961, 8 pages. Terms used in describ- 
img rectifier characteristics are defined. Various 
ways of measuring and interpreting the forward 
and reverse characteristics are discussed. Includes 
design of circuits to be used in testing cells, 
including load tests. Things to look for in analyz- 
ing test resules are pointed out. 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of Number of pages 
Reprints 4-12 16-32 


1 Gratis Gratis 
5 $2.00 $3.75 
10 3.75 6.00 
25 7.50 12.50 


(1) 920—Effects of Corona on Vinyl Electrical 
Tape, June 1961. 6 pages. Results of evaluation 
program show that corona resistance of vinyl 
electrical tape depends on electrical stress, mechan- 
ical elongation, humidity, type of electrode and 
specimen geometry, among other factors. Actual 
test data are given and the physical effects of 
corona on specimens are illustrated. These data 
are important owing to increasing use of vinyl 
under corona conditions and previous lack of 
meaningful evaluation. 


(1 905—Key Problems in Microelectronics, 
June 1961, 6 pages. An objective examination, 
based on a field survey, of the principal obstacles 
that are still hampering full-scale production and 
wide application of microelectronic devices (dis- 
crete components, 2-D integrated circuits, solid- 
state circuits, molecular function blocks). In 
addition to the factors of economics, the dis- 
cussion takes in problems of techniques, relia- 
bility, standards and relationship berween system 
and device engineering. 


C) 922—Designing Electronic Transformers on 
a Digital Computer, May 1961, 7 pages. Dem- 
onstration of the iterative procedures used to 
optimize the design of a line of single-secondary 
transformers in the range of 4 to 3230 va core 
rating within limits of overall performance. 
Modifications of the computer program for de- 
signing rectifier plate transformers and linear 
inductors are included. 


(0 914 Machine Tool Electrical Stand- 
ards (NMTBA), June 1960, 18 pages 
plus cover. First revision since March 
1956 of the Electrical Standards spon- 
sored by the National Machine Tool 
Builders’ Association. Present version pro- 
posed September 1, 1959 and adopted 
with interim revisions January 25, 1960. 
(See also JIC Electrical Standards for 
Industrial Equipment, page 159.) Sin- 
gle reprints, no charge. Multiple quantities 
may be obtained at the following prices: 
5-$3.75; 10-$6.00; 25-$12.50; 50-$20.- 
00; 100-$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
E. 42 St., New York 17. 


0 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Discusses 
gains to be obtained in reducing circuit complexity 
and number of components through practical use 
of Boolean principles and Karnaugh maps. The 
NAND circuit is used as a “universal connective” 
to implement a number of sample circuits. 


( 953—The Design Analysis of Materials, May 
1961, 11 pages. Design analysis of materials as a 
prerequisite to specification is examined. In the 
Introduction, various underlying factors are dis- 
cussed and the basic analytical approach given; in 
Part 1, principles are applied to classes of materi- 
als in terms of inherent characteristics, effects of 
form and configuration, environmental problems 
and cost #s intrinsic performance value; in Part 
2, principles are applied to general considerations 
and to external factors, including purity of ma- 
terials, effects of fabrication, and influences of 
research and test methods. 


(0 942—Control-System Analysis by Analog 
Simulation, May 1961, 5 pages. Principles of 
analog simulation, based on similarity of system 
equations of mechanical and electrical systems, 
are applied to analysis of linear and non-linear 
control systems. Methods of building up the 
analog circuit using basic operational amplifier 
with feedback are given. 


(1) 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applications 
of small compression, extension, torsion, and flat 
springs are considered, with examples worked 
out with the aid of established equations and 
tabular data on material properties. Conservative 
stress values are in line with military reliability 
norms. 


(0 927—Superconductive Circuits for Comput- 
ing Machines, April 1961, 12 pages. Gain and 
time constants of wire-wound and film type cryo- 
trons (operating at temperatures approaching 
absolute zero) are compared. Characteristics of 
cross-film types are given and their use illustrated 
as storage cells and as logic gates, adders and 
shift registers. Because of their minute size and 
very low power losses, wide use of cross-film 
cryotrons is foreseen in extremely compact digital- 
computer systems. 


(0 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following the 
discussion of basic units and precision d-c measure- 
ments of the May 1960 article (in Electrical 
Manufacturing), the author offers details of 
standardizing methods for resistance devices: 
various forms of bridges, shunts and volt boxes. 
Circuits and illustrations fully support the text. 


(0 917—Quiet Wiring, March 1961, 4 pages. 
Explanation of what causes noise due to electro- 
magnetic ambient conditions. In most cases, noise 
can be reduced by proper wiring procedures. 
Examples are given. 


(0 923—Stability of Epoxy-Encapsulated Mag- 
net-Wire Systems—An Analysis of Compati- 
bility Factors, March 1961, 9 pages. Rapid 
increase in the use of encapsulated windings and 
coils in motors and other applications creates a 
need for studies of the compatibility between 
resin encapsulant and magnet-wire insulation. 
This article reviews basic parameters in encapsu- 
lated magnet-wire system design, describes test 
methods used in compatibility studies, and presents 
summaries and interpretations of test data obtained 
from several major test programs. 


(0 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions and 
Constant-Resistance All-Pass Lattice Networks, 
February 1961, 2 pages. The basic principles of 
network synthesis, as presented in the January 
1961 issue Science & Engineering article, are 
applied to the synthesis of RLC transfer functions 
and constant-resistance all-pass lattice networks. 


(0 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 pages. 
The problem of reliability assumes serious pro- 
portions whenever numerous hardware components 
and transmissions of large amounts of data of 
an informational and control nature are involved. 
Beyond the very definite limits of improving of 
components, the problem must be attacked by use 
of redundant components and circuits. Principles 
of redundancy in equipment and coding in data 
transmission are discussed and examples given. 
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(0 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. A 
report on current advances in magnetic materials 
and their impact on design engineering, from 
the Sixth Annual Conference on Magnetism and 
Magnetic Materials co-sponsored by AIEE and 
AIP. Selected papers relating to the design en- 
gineering function are reviewed and interpreted: 
theoretical aspects, thin metallic films, oxides, 
high coercive force materials, metals and alloys, 
soft magnetic materials. Text supported by charts 
and graphs. 


(0 913—Editorial Index to Electro-Technology 
(formerly Electrical Manufacturing) for 1960, 
24 pages. This yearly subject-classified index is 
completely annotated, includes author index, plus 
separate indices for Editorial page, Design Trends, 
and Research Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classification 
and Alphabetical Subject Cross index which form 
the basis of the index system. 


(0 906—Bessel and Gamma Functions, January 
1961, 12 pages. Basic principles of Bessel and 
gamma functions and applications. Bessel’s equa- 
tion and the Bessel function, recurrence relation- 
ships, the generalized form of Bessel’s equation, 
the gamma function, solution to Bessel's equation 
and the Bessel functions of the first and second 
kind, modified Bessel functions and the method 
for deducing recurrence relationships, or basic 
identities. 


(] 910—Survey of Power Transistors, Decem- 
ber 1960, 6 pages. Listing of all transistors 
(made by 18 companies) rated for max collector 
current of 1 amp and over. Characteristics given 
include forward current transfer ratio and col- 
lector breakdown current. Possible applications 
for each type included. 


(0 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar polyester 
film age satisfactorily as slot insulation in hermetic 
motor systems. Classical tests such as density, vis- 
cosity, extractables and shrinkage are described, 
as well as a set of functional aging test procedures 
under simulated conditions. 


1 912—Analog Computation and Analog 
Machines, November 1960, 10 pages. Analog 
machines measure analogous relationships. Con- 
tinuous computation, principles of operation, and 
various functional components are described. A 
survey of typical machines on the market is pre- 
sented, plus applications for the design engineer, 
the role of the analog machine in control systems, 
and hybrid systems. 


( 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the new 
fluidized-bed process for applying electrical in- 
sulation to components and equipments. The 
process is explored with respect to design engi- 
neering and economics. Practical applications in 
new designs are developed. 


(0 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement of 
rules for the manipulation of simple flow-graph 
forms, and a definition and description of basic 
modules for simple two-port networks. The modu- 
lar concept is expanded to include flow graphs 
representing three-terminal devices. These are 
used as modules to construct more complex flow 
graphs. 


(0 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September and 
October 1960, 19 pages. Physics of permanent- 
magnet behavior and design methods for open- 
circuit, permanent-magnet structures, followed by 
the more complex considerations involved in 
small air-gap magnet designs. The use of electrical 
network analogy methods is explored; examples 
support all the design method discussions. 


(0 903—Practical Graphs and Nomographs, 
September 1960, 12 pages. Description of the 
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various kinds of graphs and nomographs (with 
emphasis on the latter) which can be used to 
record and display data. Specific instructions for 
constructing nomogaphs, including pivoted, un- 
evenly spaced, and “N” types. 


(0 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible Cables, 
August and September 1960, 12 pages. Part I 
includes cabling techniques and performance of 
flat-conductor flexible cables. Data are given on 
load-carrying capabilities, crosstalk, r-f attenuation, 
and on shielding techniques. Part II discusses 
application techniques and describes preferred 
methods for cable termination and connection. 


(0 951—Radiation Effects on Electrical In- 
sulation, September 1960. 7 pages. Basic para- 
meters of design in relation to the nuclear 
environment are investigated and illustrated in 
respect to the selected materials involved. Elec- 
trical properties of insulating materials and changes 
in these properties due to nuclear radiation 
energies are examined. 


(1) 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The fundamental 
voltage and geometrical relations of the Hall 
effect are presented. The possibility of using the 
Hall phenomenon for angular function generators 
is investigated, and the various potential char- 
acteristics of such generators considered. 


_) 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 1960, 
4 pages. Practical, usable tables giving safe torque 
values for tightening and testing various sizes of 
steel screws in several different metals and 
laminated phenolic. 


(] 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Examples 
10 and 12 in this article (pages 100, 101, and 
102). 


(1) 944—Control System  Representa- 
tions, December 1959, 3 pages. A chart 
showing seven basic control-system_ ele- 
ment classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist diagrams 
and time constants. This chart is now being 
included in the combined reprint of the 
recent series on ‘Automatic Control System 
Design” (see page 149). 


(J 919—Nuclear Radiation Damage to Tran- 
sistors, July 1960, 9 pages. A report on the effects 
of nuclear radiation on m-base germanium, )p- 
base germanium, n-base silicon, and p-base silicon 
transistor types tested in an environment equiva- 
lent to that of a nuclear explosion. The mechan- 
ism of damage is explained and data analysis for 
radiation damage is given in graphs and charts. 


[] 902—Critical Criteria for Precision Gears, 
July 1960, 9 pages. In selecting gear parameters 
for application in control systems and in data 
handling (computers), factors weighed include 
tolerances, gear quality classes, choice of pressure 
angle and of pitch, minimum number of teeth, 
and gear cutting factors. 


0 931—Relay Field Data Invited for Stand- 
ards Program, July 1960, 7 pages. A report on 
the Eighth National Relay Conference, with em- 
phasis on the objectives and progress of the 
Relay Testing Committee. Five award technical 
papers are summarized. 


() 934—Distributed-Parameter Networks for 
Microminiaturization, April 1960, 6 pages. An 
exploration of possible network characteristics 
obtainable by the method of sandwiched layers 
of conducting, dielectric and resistive films. By 
employing the distributed network concept, circuit 
performance unobtainable with lumped-parameter 
arrangements can be achieved. 
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IMMEDIATE DELIVERY | 
From Stock 


*“C SERIES are hermetically 
sealed to MIL-T-27A Specifica- 
tions . . . laboratory adjusted to 
1% tolerance—O DC. Uncased 
and molded toroids available on 
production orders. The stability 
is unequaled. Inductance is vir- 
tually independent of frequency, 
temperature and vibration. Hum 
pickup is extremely low due to 
the toroidal winding structure, 
with windings uniformly spread 
over the core. The case is of 
high permeability, affording ad- 
ditional shielding such that 
close spacing of units can be 
effected, the coupling attenua- 
tion being approximately 80 db. 


“A SERIES are centertapped 
for oscillator applications, etc. 
They employ an extremely sta- 
bilized structure for wide tem- 
perature range. 
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Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to Elec- 
tro-Technology. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. Prices for larger quantities are 
available on request. 


Reprint Title 5 


All regular $1.00 reprints $.90 
Electrical Insulation—1960 1.80 
Automatic Control Systems 2.00 
Boolean Algebra 1.80 
Semiconductor Electronics 1.80 
The Forum 1.80 
Heat-Transfer Compendium 2.00 
JIC Standards 75 


One-Year S & E Subscription 
Now Available 


( For readers desiring to receive a reprint 
copy of each monthly Science & Engineer- 
ing feature as it appears, an annual sub- 
scription is now available. Subscription fee 
for one year (covering 12 monthly S & E 
articles) is $6.00. Annual subscription 
will be processed to start with the current 
month's feature. (Special compendiums 
which are not a part of the S & E series 
are not included in this offer.) $6.00 


(J Tensor Analysis, August 1961, 18 pages. The 
methods of tensor analysis are developed, with 
emphasis on those aspects useful in engineering. 
The role of the tensor as a generalized mathematical 
statement, of which scalar and vector quantities are 
specific cases, is clarified, and various important 
transformation techniques illustrated $1.00 


[] Wear of Materials—Impact on Design Fail- 
ure, July 1961, 8 pages. A study of the basic 
mechanisms and resistance to wear of materials 
used in engineering design. Types of wear, theory 
and factors affecting wear are investigated. Based 
on the behavior of metals under various environ- 
ments and service conditions, valid conclusions are 
drawn from current research and development for 
the prediction of wear rates and wear resistance. 
Methods for the minimization of wear are also 
presented. $1.00 


[] Vector Analysis, June 1961, 20 pages. The 
powerful methods of vector analysis are fully de- 
veloped om the basis of mathematically exact 
conceptions of vector and scalar functions and 
fields. The true nature and significance of various 
coordinate systems and the usefulness of trans- 
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(0 Heat-Flow Theory and Extended Sur- 
faces for Heat Transfer, 74 pages. An 
authoritative and thorough guide to heat- 
flow analysis, consisting of the five-part 
series of articles, ‘Extended Surfaces for 
Heat Transfer,” February through July 
1961; the article “Bessel and Gamma 
Functions,” January 1961; and the §S 
& E series article, “Heat Flow Theory,” 
April 1959. Analytical design methods 
for heat-transfer surfaces in the form 
of fins and spines are covered in 
basic principles and in detail. Far more 
powerful than conventional handbook 
methods, the analvsis makes possible opti- 
mal selection of shape and dimensions of 
surfaces. The article on Bessel and gamma 
functions includes tables important to 
heat-flow analysis; the supporting theoreti- 
cal principles are completely developed in 
the basic article on heat flow. $3.00 


formations, the application of matrix and efficient 
notation systems are demonstrated. Physical ex- 
amples illustrate the methods. Primary vector 
laws such as those of Gauss and Stokes are pro- 
jected for more profound views of Kirchhoff's 
laws and Maxwell's equations. $1.00 


] Engineering Psychology and Human Factors 
in Design, May 1961, 24 pages. Engineering 
psychology is treated as a primary experimental 
research arm of human-factors engineering. The 
relation of man-machine-environment interactions 
to equipment and systems design for optimum 
performance is examined in the following funda- 
mental areas: The Systems Approach, Method- 
ology in Engineering Psychology, Information Sens- 
ing and Processing, Factors in Decision Making, 
Man and the Control Process, Human Vigilance, 
Human Skills as Systems Considerations, Environ- 
mental Stress, and Human Interactions $1.00 


[} Quantum Electronics, April 1961, 12 pages 
An introduction to the theory of quantum mech- 
anics written for the electrical engineer concerned 
with its application to solid-state devices such as 
semiconductors. Includes Planck’s radiation theory, 
the concept of the Bohr atom and de Bro- 
glie’s hypothesis of the wave-particle duality of the 
electron. The wave equation is related to the 
Schrédinger equation. Among other aspects con- 
sidered are: observables and operators, eigen 
functions and values, the indeterminacy princi- 
ple. $1.00 


() Casting Resins and Application Tech- 
niques for Embedment, Encapsulation, 
and Impregnation, 44 pages. A compen- 
dium of seven articles on the above sub- 
ject published in these pages during the 
period 1958-61. Articles deal with vari- 
ous aspects of the subject, and are particu- 
larly concerned with problem areas such 
as insulation systems compatibility and 
thermal conductivity. A bibliography of 
articles on the overall subject of electrical 
insulation and dielectrics published in 
1959 and 1960 is included. $1.00 


(J Probability, Statistics and the Theory of 
Games, March 1961, 24 pages. Basic patterns, 
laws and mathematical models revolving around 
the theory of probabiliry fundamental to any 
field of application: permutations and combina- 
tions, probability of events occurring in a sample 
space, distributions, random variables, the Law of 
Large Numbers, averaging, estimation, random 


processes, correlation theory, s-ectral analyses, 
the Gaussian process, construction of tests, games 
theory. $1.00 


[) Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The phenome- 
non of electrical breakdown is examined in its 
various aspects, beginning wth classical theories 
of mechanisms of breakdown and concluding with 
consideration of the influence on breakdown of 
the nature of the dielectric (primarily electron 
behavior and molecular structure). Practical de- 
sign implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies are 
used, in addition to mathematical derivations. 
Basic concepts discussed are drawn from phenom- 
ena of breakdown in gases—applicable to explana- 
tion of breakdown in liquids and solids. $1.00 


() Introduction to Network Synthesis, January 
1961, 20 pages. Basic characteristics of network 
synthesis are presented and synthesis for optimum 
results and exact solutions is demonstrated. Fre- 
quency-domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of simple 
driving-point functions by recognition, realiza- 
bility conditions of network functions, approxi- 
mation of a given curve by an appropriate rational 
function, related problems. $1.00 


[} Semiconductor Electronics, 44 pages 
plus cover.. A complete reference work 
for the engineer interested in the theory 
of operation of semiconductor diodes and 
transistors and in the design of circuits 
involving such devices. Beginning with a 
discussion of solid-state physics, this series 
of six articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their work- 
ing characteristics. Procedures for the 
analysis of transistor networks and the 
design of amplifier and switching circuits 
are given. $2.00 


{| Electrical Insulation Deterioration, Decem- 
ber 1960, 8 pages. Nature of thermally accelera- 
ted deterioration of electrical insulation (and 
other organic materials, such as plastics) dis- 
cussed from viewpoint of practical design en- 
gineering parameters. Among other aspects, re- 
lationship between deterioration process and 
equipment and systems reliability is analyzed. 
$1.00 


() Electrical Noise, November 1960, 20 pages. 
Major types and origins of electrical noise, and 
the effects of noise on system behavior. Examples 
given of techniques for evaluating system _per- 
formance in terms of noise sensitivity and reduc- 
tion. Emphasis on concept of noise as a random 
process, as distinguished from systematic or peri- 
odic interference. $1.00 


(] Number—The Language of Engineering, 
October 1960, 16 pages. The theory of numbers 
is concerned with the properties of integers and 
is used by the engineer for a wide range of 
problems, such as: the use of the sawtooth 
function to synthesize all types of discontinuous 
waveforms, the representation of an integer as a 
sum of squares, etc. $1.00 


(0 The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of the 
causes, mechanics and chemistry of corrosion 
Methods for prevention are outlined. Design 
considerations and types of materials and treat- 
ments are interpolated for control of specific types 
of corrosion encountered in engineering design. 

$1.00 
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(] Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equations 
of electric and magnetic fields. Propagation of 
microwaves in various media, including two- 
conductor, round and square waveguides. Princi- 
ples are applied to the design and use of the 
slotted line, the dummy load, rotary joints, and 
preselectors., $1.00 


{J Basic Differential Equations, July 1960, 20 
pages. First-order differential equations (method 
of separation of variables, the integrating factor, 
homogeneity), higher-order differential equations 
(the differential operator, non-homogeneous equa- 
tion, Picard’s method, solution of equations with 
variable coefficients by power series). Application 
to basic mass-spring-damper system throughout, 
with examples. $1.00 


(J Electrical Analogs for Mechanical Systems, 
June 1960, 20 pages. System parameters of 
dynamic states of mechanical systems are trans- 
lated into electrical network equivalents. Reas- 
oning behind the analog approach and the various 
analog forms. Included are discussions of the 
principle of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular analysis, 
and the use of distribured-parameter networks 
(long lines) to simulate certain mechanical ele- 
ments. $1.00 


(J Introduction to Molecular Engineering, May 
1960, 20 pages. An examination of the concept, 
principles and techniques of molecular engineer- 
ing in terms of its ultimate use in design of 
equipment and systems. Part I defines molecular 
engineering as the application of molecular be- 
havior to the design of materials and devices of 
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prescribed characteristics. Part II examines the 
elements of the classical macroscopic approach 
to the behavior of materials as well as the micro- 
scopic or molecular approach. Part III provides 
extended examples of molecular engineering in 
the areas of electrical insulation, microwave 
amplifiers, thin-film devices and microminiature 
electronics function blocks. $1.00 


[] Logic—and Switching Circuits, April 1960, 
36 pages. The fundamental principles of logical 
reasoning, contained in Aristotle’s syllogism, de- 
veloped into the Boolean algebra and the logis- 
tics of the Principia Mathematica, and applied in 
circuit design and computer programming, are 
developed. The basic postulates are tabulated in 
their verbal, algebraic, diagrammatic, and circuit- 
schematic form. The article deals with methods 
applied to solve the problems of circuit synthesis 
and the fundamental ideas which can be applied 
to design of the most complex circuit. $1.00 


[) Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic principles 
of radiation and detection (including Wien's 
Law, Rayleigh-Jeans Law) are explained. Effect 
of infrared on metals, ionic crystals, and semi- 
conductors. Various types of sources, windows, 
prisms, detectors, and spectrographs are discussed 
qualitatively. Also includes theory of use of infra- 
red in practical applications. $1.00 


{] Thermoelectric Effects, February 1960, 16 
pages plus cover. Basic theories as developed by 
Seebeck, Peltier and Thompson (Kelvin) are 
brought up to date in the light of new semi- 
conductor thermopile compounds. Thermo- 


Electro-Technology 


Formerly Electrical Manufacturing 


[] Ring Binder for Science & Engineer- 
ing Reprints. Readers who want to keep 
their reprint copies of the monthly Science 
& Engineering feature both safe and 
handy will want this maroon-colored 
binder made of flexible, Morocco-grained 
leatherette stamped in gold. The standard 
1%4-in. rings will accommodate about 
twenty S & E reprints. $2.50 


electricity is discussed from free-electron and ther- 
modynamic points of view. Four basic applica- 
tions of thermoelectric phenomena are considered: 
power generation, heating, cooling and tempera- 
ture sensing. $1.00 


(0 Network Analysis, January 1960, 28 pages 
plus cover. A discussion of present-day practices in 
network engineering and their theoretical back- 
ground. Network theory as a coherent and unified 
study is stressed, as contrasted with the less power- 
ful and less useful traditional approach to cir- 
cuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


[] Determinants and Matrices, December 1959, 
20 pages plus cover. The principles treated apply 
to all problems involving numerous mathematical 
statements. Included are specific rules for the 
use of determinants for solving systems of simul- 
taneous equations, including refinements of the 
basic procedures to apply to higher-order systems, 
and the underlying principles of matrix algebra. 


205 East 42 St., New York 17, N. Y. 


Determinants and Matrices 


Sampled-Data Systems 


LLL LLL 


Low-Noise, Solid-State Microwave Amplifiers .. 
Digital Methods in Measurement and Control ... 
Fundamental Properties of Plastics ............. 
We OE 5 oan 0000 wkcncd doin tcde en 
Key to Metals in Design Engineering .......... 
Cat NE NII ok Fe i oc axis ee siasedenk 
Fundamentals of Ferromagnetism .............. 
Using Fourier Analysis in Design .............. 
Electrical Insulation—1960 


Forum: Computing Machines in Control Systems . 


Hi | 


Total Copies 


Digital Computing Machines ...............-.. 
Transformer Materials for Extreme Environments .. 
Automatic Control System Design ............. ‘cinainin 
Engineering Applications of Boolean Algebra ... 
Slide Rule Mathematics ................2.e00- Panta 
Fe PEPE EPP EPEC ce 


Dc aitigsicipiiid 
Total Order 


Enter my subscription for one year's (12) 
Science & Engineering reprints 


® Add 3%, City Sales Tax for New York City delivery. 





i igihlr * 


PRECISION IN STEELMAKING by /,))(/ 


gs 


Furthers UNIFORMITY in Your Product 


Customers profit by the precision control that has 
dominated every operation of this basic steel producer 
for 77 years. Modern facilities and methods, and men 
proud of their workmanship, provide constant product 
improvement at Acme-Newport. A typical result is 
electrical sheets of known core loss properties, uniform 
gage structure, increased permeability and high punch- 
ing qualities. Sheets free of burrs and breaks in 
punching; fast, economical in assembly. Add unusual 
flexibility of scheduling, and manufacturers have ample 
reason to make Acme-Newport a regular source of 
supply. Let our metallurgists tell you more. 


CIS OF ACME-NEWPORT STEEL 
Hot Rolled Steel in Coil Cold Rolled Steel in Coil | Plates (54" and lighter) 
Hot Rolled Pickled Steel in Coil | (full hard only) Electrical Sheets 
Hot Rolled Sheets Cold Rolled Sheets Electric Weld Line Pipe 
Hot Rolled Pickled Sheets | Alloy Sheets and Plates | Spiral Welded Pipe 
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Examples demonstrate the time- and errof-saving 
advantages of these two forms of mathematical 
shorthand. $1.00 


(9 Sampled-Data Systems, November 1959, 20 
pages plus cover. An introduction to the analysis 
of closed-loop control systems in which the 
input or error signal is periodically sampled 
(rather than continuously connected) as by a 
sampling switch. Presents impulse-response, fre- 
quency-response, p-transform and _ z-transform 
methods. Shows how to plot Nyquist, Bode and 
root locus diagrams with z transforms. Use of 
the normalized sT plane for analyzing sampling 
adequacy, ‘‘pseudo-sampling’’ for determining 
between-sample response and the use of the z 
transform for table-generating function. $1.00 


[) Low-Noise, Solid-State Microwave Ampli- 
fiers, October 1959, 16 pages plus cover. Basic 
quantum mechanical principles underlying the 
operation of paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid state, three- 
level solid state and optically pumped devices) 
and parametric MAVAR amplifiers (both semi- 
conductor and ferromagnetic types) plus a brief 
introduction to the tunnel-diode amplifier. $1.00 


[] Digital Methods in Measurement and Con- 
trol, September 1959, 20 pages plus cover. 
Covers: (1) characteristics and advantages of 
the digital approach; (2) basic principles of 
coding, sampling and quantizing; (3) digital 
components and techniques for logic and infor- 
mation storage; (4) digital measurement devices; 
(5) digital control actuators. $1.00 


(] The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The funda- 
mental science of polymeric materials is related 
to design engineering properties of plastics. Dis- 
cussion covers: the molecular formation of poly- 
mers; the chemistry of addition and condensation 
polymers; the theoretical basis for mechanical, 
electrical and chemical properties of polymers. 


$1.00 


(1) The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages plus 
cover. Contents include discussions of the follow- 
ing: Electrostatics; Electric Fields in Free Space; 
Electric Induction; Capacitance; Mechanical Con- 
siderations; Field Effects in Devices. $1.00 


( Key to Metals in Design Engineering, May 
1959, 24 pages. Basic principles of metallurgy 
and structural characteristics of metals are related 
to design concepts. The effects of environment 
and mechanisms of damage are illustrated. Iron 
and steel, aluminum, precious and rare metals, 
copper, nickel and magnesium are presented in 
their basic design relationships to fundamental 
properties. $1.00 


() Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection and 
radiation are derived. Dimensional analysis used 
to establish the parameters and the various “num- 
bers’ (Reynolds, Prandtl, Nusselt, Graetz, etc.) 
involved in convection expressions. Examples 
chosen from electrical and electronic (transistor) 
applications. $1.00 


(0 Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the study 
of magnetism, derived from modern solid-state 
physics. Includes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic Materials; 
Magnetization Curves; Time Effects in Soft Mag- 
netic Materials; Effects of Atomic Ordering in 
Alloys; Interactions for Heterogeneous Systems. 

$1.00 


{J Using Fourier Analysis in Design, February 
1959, 16 pages. A thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particular problems 
often encountered. Permits system devices to be 
designed or selected for a particular transient 
performance on basis of steady-state sinusoidal 
action. $1.00 


——— COMPENDIUMS————- 


0 Electrical Insulation—1960, December 1960, 
52 pages, special Research and Application Re- 
port. Contains three major articles: Dynamic 
Mechanical Properties of Plastics Dielectric Ma- 
terials, Advances in Flexible and Semi-Rigid 
Electrical Insulating Materials, and Research Prog- 
ress in Dielectrics—1960. Plus: other articles 
on ultrathin films, capacitor dielectrics, European 
application practice, international standards, in- 
sulation application problems and trends. Offered 
in combination with regular December 1960 
Science & Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


(1 The Forum: Computing Machines in Con- 
trol Systems, 44 pages. A compendium of the 
following articles: ‘Computing Machines in 
Control Systems—Blocks to Communication and 
Basic Principles’’ (December 1960); ‘“‘Analysis 
of Numerical Control Systems,"" 2 functional 
description of 36 representative numerical control 
systems displayed at the Chicago Machine Tool 
Exposition—1960 (November 1960); “‘Machine 
Tool Control—Principles of Data Processing in 
Numerical Control of Machine Tools,” plus a 
panel discussion of the subject by experts from 
the various disciplines involved in the synthesis 
and use of machine-tool control systems (March 
1961). Includes also a comprehensive one-page 
Bibliography. $2.00 


( Digital Computing Machines, October 1960, 
24 pages. The fundamental functional components 
of digital computing machines. Glossary of term- 
inology. Tabulation of special world-wide survey 
of digital computing machines presents essential 
characteristics of digital computing machines in 
production and in advanced stages of development. 
Principles of operation and application for design 
engineers. $1.00 


(0 Transformer Materials for Extreme Environ- 
ments, March, April, May and June 1960, 28 
pages. A series of four articles interpreting re- 
search and development on small transformers 
designed to operate under extreme environments 
of 500 C temperature and nuclear radiation. Work 
carried out under Air Force and Bureau of Ships 
contracts presents data on: electrical insulation 
materials, magnet wire (both wire and insula- 


AUGUST 1961 


tion), magnetic core materials, and transformer 
structural materials. $1.00 


( Automatic Control System Design, 64 pages 
plus cover. A_ practical textbook on _ the 
design of servomechanisms. In the process of 
describing design by transfer function, system 
equation, and root-locus methods, techniques of 
analysis such as Bode diagrams, Roath’s criterion, 
and Nyquist plots are also presented. Includes 
background material on complex variables and 
Laplace transforms, bibliography for further study. 
Originally published in these pages as a series 
of six articles. $3.00 


() Engineering Applications of Boolean Alge- 
bra, 68 pages. A design guide to the analysis and 
synthesis of switching circuits and logic systems— 
both combinational and sequential—in any me- 
dium: mechanical, electrical, hydraulic, electronic 
or solid state. Includes five previously published 
articles plus an added appendix. $2.00 


([) Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. Logical 
development of the slide rule’s fundamentals and 
complete concise instructions for its use. Major 
topics include: The Basic Slide Rule; Variations 
on Basic C-D Operation; Trigonometry; The Log- 
Log Scales; Vector Diagrams; Hyperbolic Func- 
tions; Phasor Calculations; The Circular Slide 
Rule. $1.00 


(0 JIC Electrical Standards for Indus- 
trial Equipment, June 1957, 24 pages. 
Revised specifications for application of 
electrical apparatus to machine tool and 
other industrial equipment, as adopted by 
the Joint Industry Conference held in 
Detroit, March 1957. Single reprints, 
$1.00. Multiple quantities may be ob- 
tained at the following prices: 5—$3.75; 
10—$6.00; 25—$12.50; 50—$20.00; 
100—$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
East 42 St., New York 17. 


Why Die Stamped 
Circuits by 
Dytronics? 


| ELECTRICAL 
PROPERTIES 
-| UNIMPAIRED 


Die stamped circuits are 
produced by a dry tech- 
nique which employs a 
heated metal-cutting die to 
delineate the conductor 
pattern and bond it to the 
base material by activating 
the adhesive between the 
metal foil and the insulat- 
ing material. 

The electrical properties 
of the base material are 
unimpaired, because no 
chemicals are used, and 
there is no adhesive 
residue or residual metal 
on the insulating surfaces. 
This gives the designer the 
advantage of selecting base 
materials for physical and 
electrical properties with- 
out considering chemical 
resistance. 

A new booklet, “Design- 
ing with Dytronics Die 
Stamped Circuits,’’ will 
help you evaluate and 
design with die stamped 
circuits. Write for your 
free copy today. 


+ 
Dyfronics 


INCORPORATED 





ROCHESTER 37, MICH. 


A subsidiary of Taylor Fibre Co. 
Norristown, Pa. 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer’s literature just off the press .. . 


including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


INDUSTRIAL CAPACITORS 
Illustrated catalog, 20 pages, covers 
solid electrolyte tantalum, molded plas- 
tic tubular, paper and metalized Mylar 
capacitors. Industrial and military types 
meeting MIL-C-25A specifications are 
included. Cross-reference chart cover- 
ing military-to-commercial conversion 
is provided. Astron Sales Corp., 255 
Grant Ave., E. Newark, N. J. 
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TRANSFORMERS 
Catalog 103, 25 pages, features approxi- 
mately 300 MIL-T-27A transformers, 
chokes and reactors. Contains illustra- 
tions and specifications of all basic 
products, including driver, input, inter- 
stage, isolation, isolation power, mag- 
netic shield, output, output-to-line, 
power, reactor-filter and reactor-toroid 
units. Arco Electronics Inc., Community 
Dr., Great Neck, L. L., N. Y. 
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D-C RELAY TESTER 


Brochure 700-005, single page, offers 
information on Model 700 tester that 
provides means of checking relays, mag- 
nets and motors. Metered current is 
adjustable from 0 to 250 ma, unit 
power supply operates on 115 volts a-c. 
Bliss Electronic Corp., Box 366, Sussex, 
3 
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TEST METERS 


Four-page bulletin entitled “Extended 
Transistor Parameter Characterization” 
describes R-C-X and _ transistor-test 
meters and application techniques. In- 
cludes descriptions of uhf Q-meter and 
unit designed for testing and calibra- 
tion of distance-measuring equipment. 
Boonton Radio Corp., Boonton, N. J. 
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FINNED-STRIP HEATERS 


Catalog C-300, 12 pages, provides de- 
scriptions, illustrations, and selection 
procedures for line of strip heaters 
suitable for ovens, process welding, 
outdoor control equipment and process 
machinery. Tables give average specific 
heats, other pertinent physical char- 
acteristics. Bryant Electric Co., Box D, 
Barnum Sta., Bridgeport 2, Conn. 
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SHADED-POLE INDUCTION MOTORS 


Engineering Bulletin, one page, reviews 
Series M motors that have torque out- 
puts from 0.35 to 11.5 oz-in. Two-pole 
units operate on 115 volts, 60 cps. No- 
load speed is 3350 rpm. Insulation is 
Class B; rotor is rust-resistant. Brevel 
Products Corp., 601 W. 26 St., New 
York 1. 
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SUBMINIATURE POTENTIOMETER 
One-sheet Bulletin 3367/B/1 describes 


Model 3367 wirewound trimmer with 
single-turn adjustment. Size 14-in. diam 
x 0.210 in. high. Resistances available: 
100 to 20,000 ohms. Bourns, Inc., 6135 
Magnolia Ave., Riverside, Calif. 
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DECADE COUNTER MODULES 
Four-page Bulletin 1006 describes 
“Beam-X” Type DC-114 unit which is 
capable of resolving pulses at 110 ke 
rate. Contains counter specifications, 
drawings and circuit diagrams. Bur- 
roughs Corp., Electronic Tube Div., 
Plainfield, N. J. 
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PRECISION COILS 


Eight-page bulletin, ‘“Potcore and 
Toroidal Coils,” describes series of 
small coils or transformers for use in 
high-performance audio- and_radio- 
frequency systems. Size range, from 
about *%¢-in. high to 1-in. cube. Fre- 
quency range, from 200 ke to 10 me. 
Bulova Electronics Div., Coil Dept., 40- 
06 61 St., Woodside 77, N. Y. 
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MICROWAVE COMPONENTS 


Four-page Condensed Catalog C-5 con- 
tains specifications of waveguide and 
coaxial ferrite load isolators, mechan- 
ical variable attenuators, ferrite modu- 
lators, adjustable and reversible isola- 
tors, matched terminators, circulators, 
etc. Caswell Electronics Corp., 414 
Queens Lane, San Jose 12, Calif. 
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PHOTOTUBES AND 
PHOTOCONDUCTIVE CELLS 


Eight-page brochure describes tubes 
and lead-sulfide cells. Contains detailed 


drawings, graphs and data. Cell data: 
peak response, 1.5 4; sensitivity ranges, 
190 to over 800 mv/ft-c; signal to 
noise ranges, 40 to 70 db. Cetron Elec- 
tronics Corp., 715 Hamilton St., Geneva, 
Til. 
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MAGNET-WIRE BOOK 


“Lifeline of the Magnetic Field,” 48 
pages, contains complete technical data 
on round copper magnet wire with 
single and heavy film-coating insulation. 
Includes specifications, engineering data 
and test tables, testing machines, 
thermal classifications and cross-refer- 
ence charts. Chicago Magnet Wire 
Corp., 345 No. Francisco Ave., Chicago 
12. 
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TEMPERATURE RECORDING 


Twelve-page illustrated booklet, Form 
TR, deals with temperature recording 
from platinum resistance sensors. It 
describes and illustrates how universal 
carrier amplifier and platinum resist- 
ance sensor are applied to record 
temperatures from —300 to +2000 F. 
Clevite Corp., 37th and Perkins, Cleve- 
land 14. 
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MINIATURE RECORDERS 


One-page Brochure SM 200-004 de- 
scribes paper strip-chart recorder, 55% 
in. sq x 1234 in. deep, weighing 16 lb 
and having a sensitivity of 250 “amp 
d-c without amplification. Curtiss 
Wright Corp., Princeton, N. J. 
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MINIATURE CAPACITORS 


One-page Bulletin 3C contains data on 
22 Type-TA TFE- fluorocarbon capaci- 
tors which have low capacitance change 
with temperature. Contains data and 
temperature-characteristic curves for 
low-voltage devices. Component Re- 
search Co., Inc., 3019 S. Orange Dr., 
Los Angeles 16. 
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DIGITAL MODULES 

Catalog T, 12 pages, of l-mc “T-Pac” 

plug-in units, contains descriptions of 

characteristics, logical diagrams, photo- 

graphs and_ specifications. Includes 
(Continued on page 153) 
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SMALLER SIZE 


with the new 


Allen-Bradley 
Bulletin 709 Starters NEW SIZE 4 


A GOOD EXAMPLE 


The new revolutionary Bulletin 709 motor starters are surprisingly 
small in size—yet, they are good for many more millions of opera- 
tions—without trouble or maintenance! Rating for rating, they have 
no equal. They are today’s best starter value — and they cost no more! 


The ‘‘Quality’’ you’ve come to expect in all Allen-Bradley con- 
trol is represented in all details—especially in the “eye appealing”’ 
enclosures styled by the world famous industrial designer, Brooks 
Stevens. Write today for details of the new Bulletin 709 line—the 
greatest advance in motor control in 30 years: Allen-Bradley Co., 
1316 South Second Street, Milwaukee 4, Wisconsin. 


14-61-RM 





Member of NEMA 


Cae mek 
Catalog Lists These 
Control Devices 
aC Ce 


BULLETIN 840 
Float Switches 


These quality switches 
are available in a wide 
range of types for auto- 
matic control of motors 
operating tank or sump 
pumps. The snap-action 
switch mechanism as- 
sures positive operation, 
no matter how slowly the 
liquid level changes. 


BULLETIN 805 
Foot Switches 


Ruggedly built to with- 
stand the most severe 
industrial usage. Snap- 
action switch mechanism 
features maintenance 
free silver contacts. The 
foot switch shown above 
assures complete 
“safety” for the opera- 
tor. Also made without 


top guard. 


BULLETIN 1270 
Automatic Transfer 
Switches 


These switches are de- 
signed to transfer power- 
load to standby supply 
when normal power fails 
or drops too low. Auto- 
matically returns load to 
normal supply when 
power is resumed. Me- 
chanically interlocked. 


BULLETIN 836 
Pressure Controls 


For machine tool hy- 
draulic systems oper- 
ating at pressures up to 
5000 psi. Oiltight enclo- 
sure. Operating pressure 
and differential are ad- 
justable. A visible indi- 
cator shows trip point. 
Maintenance free silver 
contacts. 


BULLETIN 812 
Phase Failure—Phase 
Reversal Relays 


Style F relay (above) 
protects against all open 
phase conditions on a 
branch motor circuit. 
Style R disconnects the 
motor upon a phase re- 
versal. Style RF gives 
phase failure and phase 
reversal protection. 


Pe 


BULLETIN 555 

Speed Regulators 
Provide manual speed 
control of wound rotor 
motors for either fan or 
machine duty. When 
used with magnetic 
starter, the first step 
closes control circuit. 


BULLETIN 803 
Rotating Cam 
Limit Switches 


Heavy-duty controls for 
use on automatic produc- 
tion machines. Made 
with up to 12 independ- 
ent circuits which can 
be separately adjusted 
for operation at any 
point of rotation. 


BULLETIN 1232 
Pump Control Panels 


Complete units for auto- 
matic operation of irri- 
gation and oil well 
pumps. Employ stand- 
ard A-B Bulletin 709 
magnetic starter with 
manual disconnect 
switch or circuit breaker 
in weatherproof enclo- 
sure. Wide variety of op- 
tional features available. 


tf 


BULLETIN 365 
Multi-Speed 
Drum Switches 


Designed for manual 
starting, speed changing, 
and reversing of poly- 
phase multi-speed 
motors. Made for up to 
four speeds either non- 
reversing or reversing. 





word memories, power supplies, ran- 
dom-access magnetic-core memories and 
testers. Computer Control Co., Inc., 983 
Concord St., Framingham, Mass. 
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TIMING DEVICES 


Catalog, 16 pages, details timers for 
use in industrial equipment, process 
controls and signal systems. Standard 
models are illustrated, supplemented by 
dimensional drawings. Included are 
specifications, ratings, description of 
features. Lake City Inc., Div. of Con- 
trols Co. of America, 110 W. Wood- 
stock St., Crystal Lake, III. 
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PHOTOELECTRIC PUNCHED-TAPE 
READER 
Four-page Spec Release DSD-SR-16 
describes Model 84 solid-state unit, 
suitable for “on-line” service in com- 
puter, communication and control ap- 
plications. Nominal length is 500 ft for 
3-mil Mylar tape which provides about 
60,000 characters. Cook Electric Co., 
2700 Southport Ave., Chicago 14. 
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FUSION-SEALED CAPACITORS 

Reference File CE-1.04, four pages, de- 
scribes Series CYFM glass capacitors 
offering range of values from 0.5 to 
1200 pf; working voltage is 500 volts 


d-c. Operating temperature range is 
—55 to +125 C. Units meet require- 
ments of MIL-C-11272B, MIL-STD-202 
Method 106. Largest capacitor is 42 
x l%¢4 x Mo in. Corning Glass Works, 
Corning, N. Y. 
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D-C LEVEL DETECTOR 
Two-page Technical Bulletin 15.5 de- 
scribes solid-state unit that indicates 
preset voltage level. Output is 0.5 amp 
max or 2 amp DPDT relay closure. 
Temperature drift is 0.02 per cent per 
deg C. Response time is 10 usec, reset 
time is 2 usec. Crydom Laboratories, 
Inc., 12850 Western Ave., Garden Grove, 
Calif. 
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MAGNETIC-REED-SWITCH COILS 


One-sheet brochure describes reeds 
Types S, M and T, nylon-bobbin coils 
with 6-in. color-coded leads. Voltage 
ranges, from 6 to 4600 volts d-c. Coto- 
Coil Co., Inc., 65 Pavilion Ave., Provi- 
dence, R. I. 
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ELECTRONIC COMPONENT COATING 
Single-page data sheet reviews Type 
1F19 one-component coating for re- 
sistors, diodes, transistors and motor 
windings. Material is usable over tem- 
perature range of —90 to +350 F. 


Electric strength is 1000 volts per mil, 
provides good resistance to fungus and 
moisture absorption. Columbia Tech- 
nical Corp., 24-30 Brooklyn-Queens Ex- 
pressway, West, Woodside 77, N. Y. 
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DECADE COUNTER MODULE 


One-sheet Bulletin DPS/A11 contains 
photograph, specifications and circuit 
diagram of Model CM-115 solid-state, 
plug-in ring counter on printed circuit. 
Datex Corp., 1307 S. Myrtle Ave., Mon- 
rovia, Calif. 
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POTENTIOMETER CATALOG 


Six-page fold-out brochure gives detail- 
ed specifications on 1544 standard sub- 
miniature “Squaretrim” precision units. 
Includes special standard and rotary 
trimmers and precision potentiometers. 
Daystrom, Inc., Potentiometer Div., 
Archibald, Pa. 
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MINIATURE POTENTIOMETERS 
One-page brochure describes Series 
C-116 precision potentiometers which 
are available ganged, independently 
phased. Power rating, 2.5 watts; values 
to 100 k. DeJur-Amsco Corp., 45-01 
Northern Blvd., Long Island City, N.Y. 
Circle 780 on Inquiry Card 


(Continued on next page) 


PIONEER in WINDERS for over 40 YEARS! 


(thousands of applications) 


GLOBE Armature Equipment 
processes all types of armatures!! 
“FAS-WOUND” or Anchored Loops 


e Insulate the slots 
e Install commutator 
e Wind the armature 


Individual machines with Automatic Cycles or, Grouped 


e Hot-stake connections 
e Wedge the slots 


into a full Automation System 


FAST—PRECISE—UNIFORM OUTPUT 


ALSO — Winders of all types—for all duties 


Turret Type Winder 
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e Single or Multiple spindle 


Bench, Pedestal, or Bed types 
Automatic, Semi-or Manual 
Six Basic sizes — full range 


Turrets and Automations 


Let US help YOU 
on Armatures, Stators & Coils 


The GLOBE TOOL and ENGINEERING Company 
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e Connect to commutator 


Armature Insulating Machine 


Armature Winding Machine 


Transformer Winder 


5028 Kitridge Rd., 
Dayton 24, Ohio 





MULTIPLE-OUTPUT DELAY LINE 
Catalog Sheets DT-158 and DT-159, 


each one sheet, describe Types 158 and 
159 slab-configuration units with up to 
39-usec delay length, which operate on 
the magnetostrictive principle, Deltime. 
Inc., 608 Fayette Ave., Mamaroneck, 
NY 
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D-C POWER SUPPLIES 


One-sheet Bulletin PS 2018A provides 
specifications of Series HP continuous- 
ly-variable portable supplies with volt- 
meters and ammeters. Voltages are 
0-150 volts at up to 7.5 amp. Deltron, 
Inc., 4th and Cambria Sts., Philadel- 
phia 33. 

Circle 782 on Inquiry Card 


¥ 


ALUMINUM-FOIL COLOR CHART 


Cardboard chart contains samples of 
seven standard colors of foil nameplate 
material in both shiny and _ dull 
anodized finish. H. G. Dietz Products 
Co., 12-16 Astoria Blvd.. Long Island 
City 2, N. Y. 

Circle 783 on Inquiry Card 


LOAD CELL SYSTEMS 


Bulletin R-2, 12 pages, illustrates uses of 
remote-indicating load cell systems 
throughout industry, suggests ideas for 
new applications. Compares differential 
transformer principle with conventional 


tube and circuit designs. W. C. Dillon 
& Co., Inc., 14620 Keswick St., Van 
Nuys, Calif. 

Circle 784 on Inquiry Card 


PLASTICS PARTS 


Four-page brochure 9572 compares the 
electrical, physical, mechanical and 
chemical properties of “Rulon,” rein- 
ferced fluorocarbon resin, with TFE- 
fluorocarbon. Includes descriptions of 
lubrication-free bearings, O-rings. wear 
strips, valve seats, thrust washers and 
uses in other applications calling for 
low deformation under load, low coef- 
ficient of friction, and high compres- 
sive strength. Dixon Corp., Bristol, 
R. I. 

Circle 785 on Inquiry Card 


D-C POWER SUPPLIES 


Handbook and catalog, 24 pages, in- 
cludes step-by-step procedure for cal- 
culating packaging dimensions for 
multiple d-c output supplies. Covers 
spacing problems for modular supplies 
under various conditions of ambient 
temperature, external cooling and rated 
current. Contains over 200 power sup- 
plies. Dressen-Barnes Electronics Corp., 
250 No. Vinedo Ave., Pasadena, Calif. 

Circle 786 on Inquiry Card 


CONDUCTIVE CEMENTS 
Bulletin CP7-361, four pages, describes 
silver cements which can be used in 





For the industryS most complete line 


place of solder for making ohmic con- 
nections to electronic components. 
Cements withstand temperatures to 
200 C without deterioration. Resistances, 
0.2-0.5 ohms/mil®. Material may be ap- 
plied by brush, dip or stencil-screen 
techniques. E. I. du Pont de Nemours 
& Co., Inc., Wilmington 98, Del. 

Circle 787 on Inquiry Card 


ELECTRON TUBE CATALOG 
Catalog, 43 pages, lists characteristics 
and ratings of power grid tubes, kly- 
strons and microwave tubes. Included 
are photographs, application § data, 
mechanical specifications and maximum 
performance capabilities. Eitel-McCul- 
lough, Inc., San Carlos, Calif. 

Circle 788 on Inquiry Card 


HIGH-TEMPERATURE PRINTED- 
CIRCUIT SUBSTRATE 


One-sheet technical-data bulletin de- 
scribes “Dielox” 52370-Z substrate with 
high bond and yield strength, which 
will operate continuously up to 700 F. 
Electralab Printed Electronics Corp., 
Needham Heights 94, Mass. 

Circle 789 on Inquiry Card 


VOLTAGE MONITOR 


Preliminary Information Sheet 3086, 
with circuit block diagrams and char- 
acteristic curves, discusses Model 86 
circuit protector which continuously 





ra 


Pe ee ma eS Un me els 
“JSY 1101”—Has hysteresis features at 
shaded pole price. Constant speed for phono- 
ey Mn GSM nce AMO Mmm CL UTTLT 
devices, etc. 


o ALLIANCE 


2. “L"’ Motor—Shaded pole motor for type- 
writers, business! machines, etc. 


3. “H” Motor—High starting torque, compact 
OES Mim mam CCN mmc LC om 


CRP TSMC eee el mh Te Mee 
ing machines, remote controls, etc. 


ee Meee ims era mee) 
CNM CAME SCCM LN 
others. 


of Sub-Fractional HP Motors 


Alliance, world’s largest producer of sub-frac- aia aT Stenting | 
tional HP motors, offers the widest choice of standard | | exrm. | | watts | | 
and custom models, faster service, more for your money. \MSY 1101 | 117 1.0 | 0.4 (pullin) |3600 | 285 | 18 1 Ib. 1402.) 


Used in leading makes of phonographs, tape recorders, Rec | 65 |8.0 | 


Full Load 


Torque . = Weight 
oz. Jin. RPM Amps Watts | 


L | 3250 | 1.20 | 7 ls. 702. | 
appliances, business machines, animated displays and Cc as ae _10 |10 | 2800 | ae 

other products—all can be customized to your own sso 17 | 2h 65 tts | 80 | 255 | 
specifications. [ss | a7 | 1.78 [2.70 2000 | 570 | 2 
Write for complete catalog—price quotations upon request 


The Alliance Manufacturing Company, Inc., Alliance, Ohio 


(Subsidiary of Consolidated Electronics Industries Corp.) 


|1 Ib. 202, | 


ALLIANCE 
MOTORS 
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From Indiana Steel Products Division of 
INDIANA GENERAL CORPORATION 


Yee 
AG _ 
Sal oe 


INDOX’V Magnets improve space chamber vacuums 


Indiana Steel's INDOX V permanent magnets are helping Varian 
Vaclon pumps obtain verified vacuums past 10 ® mm Hg. Result: 
better space chambers, plus many additional critical vacuum 
applications. 


Advanced design ion pumps, manufactured by Varian 
Associates, Palo Alto, Calif., are providing ultra-high 
vacuums with greater efficiency. In fact, these pumps, 
using powerful INpox V magnets, are largely replacing 
diffusion pumps on critical vacuum applications. 


After a mechanical roughing pump removes most of the 
air from a given vessel, the ion pump goes into opera- 
tion. High voltage is applied, ionizing some of the gas 
particles and forcing electrons toward the anode. The 
powerful magnetic field of the Inpox V permanent 
magnet deflects the traveling electrons into spiral paths, 
increasing path lengths and, therefore, the number of 
particle collisions and degree of ionization. Finally, the 


O'rviSton or 


INDIANA 


The ultra-high vacuum obtain- 
able with this Variah Vacion 
pump provides the nearest 
earthbound equivalent to outer 
space — showing effects on 
equipment, clothing, etc. The 
pump shown has a capacity of 
800 liters/second and uses 
approx. 276 ibs. of INDOX V. 


ennieniaenieatinasll 


ions bombard titanium cathode plates which frees 
titanium atoms to form stable compounds with the 
atoms of oxygen and nitrogen which are then deposited 
on the anode grid. Inert gases are also removed by 
burial in the cathode and entrapment on the anode. 


Varian selected Indiana Steel INpox V magnets both 
for their magnetic characteristics and their uniform 
quality. INpox V is a highly oriented ceramic magnet 
material with a peak energy product 314 times greater 
than conventional unoriented barium ferrite materials. 
It is lightweight and extremely resistant to the effects 
of demagnetization. 


Whether it’s a question of choice of magnet or a design 
problem, why don’t you take advantage of Indiana’s 
wealth of experience, research leadership and special- 
ized engineering “know-how”? Write today, outlining 
your needs. For further details on the INpox family of 
magnetic materials, ask for Bulletin 18A, Dept. B-8. 


Phone HOward 2-3111 * Direct Distance Dialing Code 219 


ea INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 


GENERAL 


CORPORATION 
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INDIANA PERMANENT MAGNETS 
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monitors d-c power-supply output from 
0 to 100 volts. Circuit interruption with 
under- or over-voltage output is ob- 
tained in approx 20 millisec with elec- 
tromechanical relay; 50-100 usec with 
solid-state switch. Electronic Measure- 
ments Co. of Red Bank, Eatontown, 
N23. 

Circle 790 on Inquiry Card 


GLASS-BONDED MICA SUBSTRATE 


Four-page bulletin contains drawings. 
descriptions, specifications and uses of 
“Mykroy” glass-bonded mica substrate 
which can be machined or molded. 
Continuous operation up to 1000 F. 
Electronic Mechanics, Inc., 101 Clifton 
Blvd., Clifton, N. J. 

Circle 791 on Inquiry Card 


PRINTED-CIRCUIT BOARDS 
Engineering Data Sheet, two pages, of- 
fers information on printed-circuit fab- 
rication and _ photoetching 
Discusses applications, tolerances, and 
cost advantages of producing precision 
metal parts by photoetching as opposed 
to stamping and machining. Electrody- 
damic Instrument Corp., 1841 Old 
Spanish Trail, Houston 25, Texas. 

Circle 792 on Inquiry Card 


processes, 


MAGNETIC CLUTCH 


One-page data sheet describes Model 
MC-100, which combines two size 5 to 


Do you know? 


18 clutches in one housing. Unit meas- 
ures 4.689 x 1.062 in. and features three 
separate operating modes. Elm Instru- 
ment Corp., 30 Chasner St., Hempstead, 
Me he a a 

Circle 793 on Inquiry Card 


METERS AND GENERATORS 
Catalog 614, 56 pages, provides com- 
plete information on line of noise and 
field-intensity meters, impulse genera- 
tors, power-density meters, modulation 
meters, coaxial attenuators and variety 
of microwave components. Included is 
selector chart of fixed and variable at- 
tenuators ranging from single fixed pads 
to 12-position automatic stepping units. 
Catalog gives descriptions of typical 
applications, complete specifications, 
and unusual features of products. Em- 
pire Devices, Inc., Amsterdam, N. Y. 
Circle 794 on Inquiry Card 


TIME-CODE GENERATOR 


Bulletin 6190-A describes Model 6190 
unit which offers stability of 1 part in 
10° per day, provides decimal in-line 
display and is totally solid-state. Con- 
tains specifications and block diagrams 
and short descriptions of timing-termi- 
nal equipment, tape-search system, 
time-code translator and timing-opera- 
tion center. Epsco-West. 240 E. Palais 
Rd., Anaheim, Calif. 

Circle 795 on Inquiry Card 


HIGH-TEMPERATURE POLY PROPYLENE 


One-sheet product profile release of 
“Escon 125” describes this molding- 
grade material for applications in which 
molded parts are subjected to repetitive 
long-term heat exposure. Supplied at 
melt index of 5.5 at 230 C. Enjay 
Chemical Co., 15 W. 51 St., New York 
19. 

Circle 796 on Inquiry Card 


ALUMINUM PLATING PROCESS 


Six-page release describes “Alumon 
‘D’” process which utilizes a dilute 
zincate bath for activating aluminum 
alloy and applying thin zine film by 
immersion. This film can then be elec- 
troplated with copper, nickel or other 
deposits. Enthone Inc., 442 Elm St., 
New Haven 8, Conn. 

Circle 797 on Inquiry Card 


ELECTRONIC TIMER 


Bulletin 120, four pages, contains in- 
formation on Model 120 timer for auto- 
matic operation of circuits. Instrument 
is suitable for industrial and laboratory 
uses involving operations at pre-selected, 
adjustable time intervals. Bulletin in- 
cludes typical applications, features, 
operating principles, eight circuit dia- 
grams with complete descriptions, 
photographs, detailed dimension draw- 
ings. Farmer Electric Products Co., Inc.., 


TRANSISTOR 
TRANSFORMER 
SELECTOR KIT 


11 Cerafil capacitors can fit under 
a dime... we tried it. Hi-Q Cerafil 
capacitors are the smallest 
ceramic units available anywhere! 
Unique design makes it possible 
to obtain extremely high 
capacities per unit volume. 

Want complete technical 
specifications? Write today to... 


AEROVOX CORPORATION 1009 SENECA ST., 
OLEAN, NEW YORK 


Model No. 400K 


save valuable time 
in optimizing circuitry 


PERSO 
user net 
Available off-the-shelf 
from franchised 
distributors. 


APPLICATIONS FOR SERVO, AUDIO 
INSTRUMENTATION AND CONTROL CIRCUITRY 


Set of 9 transformers covers impedance range of 150 
through 200,000 OHMS 
Matches most new transistor impedance ratings 


FULL DESIGN DATA ENCLOSED 


1. Nomographs and circuitry for 3.Guide to MIL-T-27A 
determining correct impedances 4,Cross Reference index 
2. Power versus DBM chart 


Ue UE 


5. Outline drawings 


company, inc. 
145 E. Mineola Ave., Valley Stream, N.Y. 
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Cables insulated and jacketed with BAKELITE vinyl link the IBM 1401 Data Processing 
System with auxiliary equipment. These cables, which permit flexibility of operation, 
are manufactured by Brand-Rex Division of American Enka Corp., Concord Mass. 


Here's why IBM uses 


VINYL INSULATED-JACKETED CABLE 


Every component of the IBM 1401 Data Processing System 
is designed to operate at peak efficiency. For example, carry- 
ing the signals between this electronic processing unit and 
separately housed auxiliary equipment are multiconductor 
interconnecting cables insulated and jacketed with quality 
BAKELITE vinyl. A distinguished record of reliable cable per- 
formance has led IBM to use vinyl as protection for these 
complex cable assemblies. 

Along with the important advantage of flame resistance, 
BAKELITE vinyl offers outstanding toughness, resistance to 
abrasion, aging, deformation, moisture and chemicals .. . 
plus excellent electrical properties. These properties, pre- 


requisites for long-term, dependable service, also recommend 
BAKELITE vinyl as insulation and jacketing for appliance 
wiring, flexible cords, hookup wire and instrument wire. 

For full information on how quality BAKELITE vinyl insula- 
tion and jacketing will increase the efficiency, performance 
and reliability of your product, write Dept. JX-42H, Union 
Carbide Plastics Company, Division of Union Carbide Cor- 
poration, 270 Park Avenue, New 
York 17, New York. In Canada: 
Union Carbide Canada Limited, 
Toronto 12. 


UNION 
CARBIDE 


The terms BAKELITE and Union Canpipe are registered trade marks of Union Carbide Corporation. 
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2300 Washington St., Newton Lower 
Falls, Mass. . 
Circle 798 on Inquiry Card 


DIALLYL PHTHALATE RESIN 


Newsletter Vol. 1, No. 1, four pages, 
discusses new developments in the use 
of DAP. Includes applications in capa- 
citors, varnish, plastic surfaces, poten- 
tiometers, watchmaking, etc. Dapon 
Dept., Food Machinery and Chemical 
Co., 161 E. 42 St., New York 17. 


Circle 799 on Inquiry Card 


TERMINAL BUSHINGS 


Bulletins 161, 261, and 361, each two 
pages, present information on fluted and 
tubular bushings for brazing or weld- 
ing to hermetically sealed containers. 
Terminal studs are steel, nickel plated. 
Bulletins list dimensional data and spe- 
cifications. Frenchtown Porcelain Co.., 
Frenchtown, N. J. 


Circle 800 on Inquiry Card 


THREAD-CUTTING SCREWS 

Form 276, a six-page catalog, gives 
information on design, sizes, material 
applications and minimum penetration 
in blind holes for three thread-cutting 
screws. Photographs, isometric draw- 
ings, tables, and charts illustrate ma- 
terial. A section details formula which 
is utilized to assess working qualities 
and in-place costs of fastening opera- 
tions. Parker-Kalon Div. of General 





American Transportation Corp., Clifton, 


Pl. Be 
Circle 801 on Inquiry Card 


AIR MOTORS AND COMPRESSORS 
Catalog 660, 12 pages, describes line 
of rotary air motors, air compressors 
and vacuum pumps. Six sizes of air 
motors, %40 to 7 hp, are explosion-proof 
and variable-speed. Compressor sizes 
are from 0.6 to 45 cfm, to 30 psig. 
Vacuum pumps range from 0.6 to 50 
cfm, to 28 in. Hg. Gast Mfg. Corp., 
23029 Highway M-139, Benton Harbor, 
Mich. 


Circle 802 on Inquiry Card 


EXPLOSION-PROOF PUSHBUTTON 
STATION 


One-sheet release 5100-5 describes tog- 
gle-type aluminum-enclosed unit de- 
signed to meet NEMA 7 and 9 specifica- 
tions. For motor control. Gemco Elec- 
tric Co., 25685 W. Eight Mile Rd., 
Detroit 40. 


Circle 803 on Inquiry Card 


ELECTRICAL INSULATING MATERIALS 
CHART 


Six-page foldout brochure charts therm- 
al, electrical and physical properties 
of “Epocast” epoxy resins. Contains 
information on applications. Furane 
Plastics Inc., 4516 Brazil St., Los 
Angeles 39. 


Circle 804 on Inquiry Card 


WHEN YOU'RE TALKING 


INDUSTRIAL TRANSISTORS 


Six-page foldout Brochures ECG-538 
and ECG-528 discuss 2N497, 2N498, 
2N656, 2N657, 2N497A, 2N498A, 
2N656A and 2N657A units. All are 
n-p-n double-diffused silicon mesa de- 
vices for medium-power audio to medi- 
um frequency applications. Suited for 
high-level linear-amplifier or switching 
applications. General Electric Co., 
Kelley Building, Liverpool, N. Y. 
Circle 805 on Inquiry Card 


AUTOMATIC COORDINATE PLOTTER 


Technical bulletin, two pages, describes 
48 x 48 in. Model G-48 X-Y plotter that 
is accurate to 0.001 in. over working 
surface. Unit uses digital data to elimi- 
nate drift, assures precision in plotting 
and repeating. Bulletin lists inputs and 
outputs, heads available for printing, 
scribing, inking, reading and exposing 
light-sensitive films. Gerber Scientific 
Instrument Co., 89 Spruce St., Hart- 
ford, Conn. 


Circle 806 on Inquiry Card 


PULSE MODIFIER 


One-sheet Bulletin P-4 discusses units 
available in fixed or variable models 
for pulse “stretching” and amplifica- 
tion, totaling, etc. Variable types allow 
adjustable pulse duration and wattage. 
Outputs to 15 watts, 10 to 100 millisec. 
24 volts d-c. Programmation Div., 


INSULATION, WE CAN HELP 


West Virginia offers three grades of pressboard insu- 
lation, each combining low cost with the higher dielec- 
tric strength every design engineer looks for: 
PRESSITE: Absorbent, unsized . . . for air, oil and 
askarel transformers, and capacitors. 

ELECTRITE: Hard, with high tensile strength for 
clean, smooth punchings. 

DENSITE: Extremely hard, for punchings; sized for 
moisture resistance or unsized for applications in oil. 
Pressite, Electrite and Densite are made from 100% 
virgin kraft pulp from our own mill. Our complete 
product control from forest to you assures consistent 
uniformity and absolute purity, with no metallic 
particles. 

See How Our Pressboard Can Help You. Write for 
complete technical data, and Underwriters’ Labora- 
tories Report #E3987. Board Products Sales, West 
Virginia Pulp and Paper Company, Covington, Virginia. 


West Virginia 
| Pulp and Paper 


Circle 178 on Inquiry Card ELECTRO-TECHNOLOGY 





AUGUST 1961 


Miniaturization, close control and inherent stability 
are the outstanding characteristics of Edison's new 
model 292 miniature thermostat. Designed specifi- 
cally to meet the requirements of solid state electronic 
packages, this thermostat is ideal for use in small 
crystal and oscillator ovens, computers and electronic 


packages of all types. 


Only 0.317” in diameter and 1.325” long, this Edison 
thermostat features long operational life with little 
drift from the original temperature setting—prolong- 
ing the useful life of the electronic components it 


NEW FROM 


THOMAS A. 


DISON 


miniature thermostat 
drifts less than 1.5°’c in 
500,000 operations 


controls. Set to a manufacturing tolerance of only 
+ 1°C., it has an operating differential of less than 
2°C at a rated load of ¥2 ampere at 115 V. a.c. or 
28 V. d.c. Available either unset or factory preset to a 
specified temperature, Edison’s new model 292 min- 
iature thermostat will control temperatures from 
0°C to 180°C. 


Edison's mass production techniques and many years’ 
experience permit producing this superior thermostat 
at a remarkably low cost. For complete information 
write for publication 3009C. 


Thomas A. Edison Industries [qa 
INSTRUMENT DIVISION IRIE 
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Guardian Electric Mfg. Co., 1621 W. 
Walnut St.. Chicago 12. 


Circle 807 on Inquiry Card 


ELECTROMETER 


Four-page describes Model 
E-302 extended-range rack-mounted 
unit with circuitry which allows switch- 
ing from event to event without affect- 
ing output function. Overall rack 
height is 31% in. Gyra Electronics 
Corp., Washington and Elm Sts., La- 
Grange, II. 


brochure 


Circle 808 on Inquiry Card 


RIBBON-CABLE TERMINATOR 


Four-page brochure describes “Flex- 
Term” terminators for flexible-ribbon 
cable. Contains drawings of solder-tab, 
connector-tab, pin-lug and = screw-lug 
types, connecting tool and techniques 
of connection. Hi-Shear Corp., 2600 W. 
247 St.. Torrance, Calif. 

Circle 809 on Inquiry Card 


TORQUE MOTORS 


Four-page Bulletin 208A contains speed- 
torque curves, duty specifications, di- 
mensions, and lists a wide range of 
ratings. Torque motors range from 1.5 
to 96 oz-ft, 110 to 550-volts, one-, two-, 
and three-phase a-c and 115 and 230 
volts d-c. Howell Electric Motors Co., 
16316 W. Seven Mile Rd., Detroit 35. 

Circle 810 on Inquiry Card 


ouble preset — 


GERMANIUM DIODES 
Brochure, four pages, reviews charac- 
teristics and applications pertaining to 
germanium diode types and families. 
Covered are ultra-fast switching, point- 
contact and gold-bonded types. Com- 
pares silicon and germanium diodes, 
advantages of their usage. Hughes 
Semiconductor Div., Newport Beach, 
Calif. 

Circle 811 on Inquiry Card 


EPOXY INSULATION 


Six-page foldout Bulletin E-100 contains 
technical data on selection, and charts 
handling characteristics and _ physical 
and electrical properties of general- 
purpose casting and potting compounds, 
compression and molding powders, dip- 
ping compounds and conductive ce- 
ments and coatings. Hysol Corp.. 
Olean, N. Y. 

Circle 812 on Inquiry Card 


INERTIA SWITCHES 


Fact Sheet 261, two pages, 
devices for sensing acceleration, shock 
or vibration to close or open an elec- 
trical circuit. Includes radial and uni- 
directional inertia units and visual in- 
dicators to be installed on shipping 
packages to indicate whether allowable 
shock limits have been exceeded during 
passage. Inertia Switch Inc., 311 W. 
43 St., New York 36. 

Circle 813 on Inquiry Card 


describes 


tt you hose a tox x problem” o 
see an ACCOUNTANT 


LOCK WASHERS 
Pocket-size brochure, 12 pages, offers 
information on selection and applica- 
tion of lock washers. Includes applica- 
tion index. Lists line of standard in- 
ternal tooth, disk and dome-type wash- 
ers available. Shakeproof Div. of Illinois 
Tool Works, St. Charles Rd., Elgin, LI. 
Circle 814 on Inquiry Card 


MINIATURE PRE-AMPLIFIER 
Single-page specification 
scribes Model 1SL 606 hermetically 
sealed solid-state amplifier. Supply 
voltage is 10 volts at 0.18 ma, input 
impedance is 1 megohm. Sheet lists 
specifications, includes performance 
characteristic curves. Infrared Indus- 
tries, Inc., Box 42, Waltham, Mass. 
Circle 815 on Inquiry Card 


sheet de- 


POWER RESISTORS 


One-sheet Bulletin P-8 describes 
“Thermacoat” precision wire-wound 
units which carry full power in 125 
C ambient. Meet MIL-R-26C. Resist- 
ance ranges, 0.1 ohm to 175 k ohms. 
Boone Div., International Resistance 
Co., 401 N. Broad St., Philadelphia 8. 

Circle 816 on Inquiry Card 


CHOPPER-NOISE TEST REPORT 


Technical Report F-1481, four pages, 
describes test techniques and compiles 
data on residual noise present in chop- 


pay, 


BUT...if you need a 


BRUSH HOLDER (.-. 


Your SPECIALIST is 


utomatic reset 


A counter for coil winders 


Model U 280ZERS has 
every feature needed to 
raise your coil winding 
operation to a new peak of 
productivity. 


© Two independently set 
predeterminations with 
separate switches and 
common Automatic electric 
reset and recycle 


¢ Simple rapid presetting 
* Speeds to 6000 RPM 


duction. 


Proot? Write to 


Presin Company, inc. 


¢ All working parts 
machined 


Automatic reset to zero 
upon reaching fina 
termination frees the oper- 
ator completely. This allows 
concentration on the wind- 
ing process and results in 
very much increased pro- 


| prede- 


One of several counters 
designed specifically for 
coil winding 


2014 Broadway, Santa Monica, California 
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@ Offers Complete Line of 
Brush Holders and Caps 


@ For All Types of Motors 
and Generators 


@ A Competent Engineering 
Department To Assist in 
Brush Holder Requirements 


@ 25 Years of Experience 
Write for complete information 


contained in our new easy to use 
Phoenix Catalog, No. ET-61-8. 


PHOENIX ELECTRIC MANUFACTURING CO. 
4/3625 N. HALSTED $7. 


@ CHICAGO 13, ILL. 
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Lockheed F-104A Starfighter with 
aluminum surfaces protected by Iridite 14-2. 


Designing For Cost Conscious People? 
Then Read... 


How QLUPYETD Helps Lockheed 


Cut Aluminum Finishing Costs 


Nine years ago, Lockheed switched from 
anodizing to Iridite chromate conversion 
coatings. That year, they saved over $40,000 
in materials and manpower. 

Today, Lockheed is still saving money with 
Iridite 14-2. Here’s how: 

Process time is reduced from 45 minutes to a 
maximum of only 5 minutes. Three times as 


much work is processed in a single run. 
Easy-to-load baskets, replacing costly anodiz- 
ing racks, save $15,000 per year. Expensive 
electrical equipment is eliminated bécause 
Iridite is a simple chemical dip. 

Moreover, Iridite 14-2 gives improved corro- 
sion resistance, easily meeting MIL—C-5541, 
and provides excellent paint adhesion. 


More than likely, Iridite can save you money and give you better finishing 
results than your present method. Discuss it with your Allied Field 
Representative. Or, write for literature. 


Allied Research Products, TMC. 4004-06 east MONUMENT STREET © BALTIMORE 5, MARYLAND 
BRANCH PLANT: 400 MIDLAND AVENUE e@ DETROIT 3, MICHIGAN 
West Coast Licensee for Process Chemicals: lL. H. Butcher Co. @ European Agent: Sture Granberger, Storgatan 10, Stockholm, Sweden 
Chic en ce CI>*| CID*| ED*| CIID 
chemical Processes, Anodes, Costings Orightoners ieee Seieeats 
Rectifiers, Equipment ond Supplies for Metal Finishing 


IRIDITE }J 
Chromates 
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in Your 
Aero-Space 
Circuits 


“AR” SERIES RESET TIMER 


Following predetermined time cycle, 
motor stops. When clutch is released, 
timer resets to starting position within 
150 milliseconds. 


DRIVEN 


“AP” SERIES PROGRAM TIMER 


Unit repeats predetermined cycle con- 
tinuously until power to the motor is 
interrupted. 


Here’s a PERFECT PAIR of miniature, hermetically sealed motor driven 
timers for both airborne and ground support applications. Operative 
in 12 G acceleration, these versatile units perform reliably in ex- 
tremes of vibration and temperature. 


SPECIFICATIONS 


© COMPACT — 2!/, x 4!/2” outside cylinder dimensions © LIGHT WEIGHT — 30 
oz. or less © UP TO 7 independent load circuits ¢ TIME CYCLES—JI second to 
several hours © POWER INPUT— Choice of 115 V., 60 cycle; 115 V., 400 cycle; 
28 V.D.C. © FLEXIBLE—Can be equipped with plug-in header for quick change 
of time cycles 


Write for Bulletins 825 and 830 or call your local Eagle Representative. 
He’s listed in Sweet’s Product Design File, Section 7d, or in Thomas Register. 


TIMERS ALSO CUSTOM-BUILT TO MIL-SPECS. COMPLETE FACILITIES FOR QUALIFICATION TESTING. 


— Reset Precision Interval Multiple Circuit Pneumatic Heavy Duty Heavy-Duty 
imers Timers imers Timers Repeat Cycle Timers Step Switch 


MANUFACTURERS OF THE MOST COMPLETE LINE OF GROUND SUPPORT TIME CONTROLS. 
EAGLE SIGNAL COMPANY ©@ Moline, Illinois 
INDUSTRIAL DIVISION 


DIVISION OF THE GAMEWELL COMPANY, AN E. W. BLISS COMPANY SUBSIDIARY 
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per circuits. Contains test-circuit in- 
formation, electrochemical and thermal 
noise and drift phenomena present in 
low level d-c instrumentation. Included 
are recommendations for circuit design 
to minimize residual noise and drift 
conditions. James Electronics Inc., 
4050 No. Rockwell St., Chicago 18. 
Circle 817 on Inquiry Card 


Manufacturer’s 


Publications 
oe eS NOR A AA IR PUB A  ES AMSTOTI ETE 
For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELEcTRO-TECHNOLOGY as your 
source, 


DIGITAL DATA APPLICATION 
INFORMATION 


Datex Digest reports work in digital 
data recording and control. First 1961 
issue contains brief articles on radio- 
telescope antenna position recording 
and control systems, digital ship track- 
ing. lead-screw shaft digitizing, and 
pencil-test system. 


SILICON RECTIFIERS AS 

PROTECTIVE DEVICES 

“Tech Tips” No. 4, two pages, gives 
examples of applications of Type 
1N1217 silicon rectifiers as protective 
devices. Available on letterhead request 
to Westinghouse Semiconductor Dept.. 
Youngwood, Pa. 


PHOSPHOR AND PHOTO-CATHODE 
CHARACTERISTICS 


Slide chart of phosphor and _photo- 
cathode characteristics, for engineers 
who work with CRT’s, storage tubes, 
displays, or phototubes, shows, on one 
side of the chart, the pertinent charac- 
teristics of 23 different phosphors and, 
on the other side, 14 of the most com- 
mon cathode materials. Send letterhead 
request to W. C. Sterling, Component 
Sales, ITT Federal Labs., Ft. Wayne, 
Ind. 


LAMINATED PLASTICS CATALOG 


Twenty-page catalog covering line of 
industrial laminated plastics in sheet, 
rod and tube form includes grade selec- 
tion and description, range of sizes, 
typical property values and forms. 
There is a special section on metal- 
clad grades. Write to Continental- 
Diamond Fibre Corp., Newark, Del. 


ENCAPSULATED MOTOR 


Research Report 61-31, 28 pages, con- 
tains photographs of methods of epoxy 
resin encapsulation of a-c stators with- 
out use of vacuum equipment or per- 
manent metal molds by means of ad- 
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SARKES 
TARZIAN | 
SILICON 6G6OO piv... 


“Iteguidaiiat 25 to 250 amps DC 


Max. 
forward Max. 
Tarzian inverse voltage reverse 
Type* current 





60S3 





*Add N for negative, P for positive, base polarity 


Other 600 piv Tarzian silicon rectifiers are available in 0.5, 0.75, 1.5, 2, 10, 12, 
and 20 ampere units. 


These husky units meet new high 
current needs. They all are charac- 
terized by extremely low current 
density for maximum reliability and 
operating life, thanks to oversize 
junctions—the largest available. 
The 250-amp 60Y3, for example, 
has a junction diameter of over an 
inch. This is nearly twice the area 
of similar ratings on the market. 
Prices are realistic. 


Complete engineering service on 
rectifier applications is available 
without charge. 


Send for new free Tarzian cat- 
alog (No. 61CC-1). 


SARKES TARZIAN, INC. 


World's Leading Manufacturers of TV and FM Tuners « Closed Circuit TV Systems « Broadcast 
Equipment e Air Trimmers ¢ FM Radios « Magnetic Recording Tape « Semiconductor Devices 


SEMICONDUCTOR DIVISION « BLOOMINGTON, INDIANA 
In Canada: 700 Weston Rd., Toronto 9 « Export: Ad Auriema, inc., New York 
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extruded vinyl tubing 


Aere ... try it! This is MARKEL HIGH TEMPERATURE TUBING, 
extruded of non-migratory polymeric-plasticized resins—a product 
from the Line of Excellence—Markel-made to meet these tough 
specifications for insulating (or mechanical and chemical) tubing: 


@ non-fiammable; U/L-approved for applications up to 105°C @ dielectric strength, 
more than 700 v/mil @ tensile strength, 2700 psi @ low temperature flexibility, 
to —30°C @ oil resistance, flexible indefinitely when immersed @ crystal-clear in all 
sizes, $24 to 11.” © colors, up to 10 standard in many sizes. 


Try it; you’ll stay with it. What do you need—Markel sample file? 
—prices? —test lengths? Call, write, or wire; you'll get action. 


Riis MARKEL Fak 


a 47 
N. 
SOURCE for EXCELLENCE in 


Insulating Tubings, Sleevings, and Lead Wire 
NORRISTOWN, PENNSYLVANIA 
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justable stainless-steel-foil molds and 
low-viscosity resin. Write to Epoxylite 
Corp., P. O. Box 3397, So. El Monte, 
Calif. 


APPLICATIONS OF TUNNEL DIODES 


Application manual, 96 pages, on how 
to use tunnel diodes in electronic cir- 
cuits, is intended to be a_ reference 
source for circuit-design engineers. Cir- 
cuit-application information covers am- 
plifiers, oscillators, switches and logic 
circuits. In addition, the manual con- 
tains chapters on tunnel diode ratings, 
characteristics and test circuits. Copies 
may be obtained for $1.00 from Gen- 
eral Electric Co., Semiconductor Prod- 
ucts Dept., Kelley Bldg., Liverpool, 
MN. Ss 


RELAY TERMS GUIDE 


Glossary of words and terms in com- 
mon use by relay users and manufac- 
turers, 13° pages, includes diagrams 
illustrating nomenclature for basic 
contact forms. Send letterhead request 
to Charles F. Cameron, Professor, 
School of Electrical Engineering, Okla- 
homa State University, Stillwater, Okla. 


ELECTRONIC TEST INSTRUMENTS 


Catalog of electronic test instruments, 
220 pages, contains complete listings, 
descriptions and specifications of more 
than 400 test instruments. Equipment 
includes oscilloscopes; oscillators; pow- 
er supplies and audio, square-wave, 
pulse- and digital-delay generators; 
wave and distortion analyzers; a-c and 
d-c voltmeters, ammeters and ohm- 
meters; amplifiers; frequency- and 
time-measurement equipment; primary 
frequency and time standards; signal 
generators; microwave equipment and 
Dymec systems and instruments. The 
microwave section is further divided 
into power measurement, impedance 
measurement, noise-figure measurement 
and other microwave equipment. Cata- 
log can be obtained by writing H. J. 
Lewenstein, Hewlett-Packard Co., 1501 
Page Mill Rd., Palo Alto, Calif. 


CATALOG ON MINIATURE 
MAGNETIC CLUTCHES 

Twelve-page illustrated catalog cover- 
ing line of standard, precision minia- 
ture magnetic clutches, clutch-brakes 
and brakes in BuOrd frame sizes 8, 11 
and 18 includes complete descriptions, 
characteristics and specifications. For 
use in servo systems, computers, an- 
tenna drives and other commercial or 
military applications, they include sin- 
gle or double-end direct-acting, inde- 
pendent direct-acting, reverse-acting 
and duplex-action types having friction 
or crown-tooth coupling faces, as re- 
quired. Write on company letterhead 
to FAE Instrument Corp., 16 Norden 
Lane, Huntington Sta., L. L, N. Y. 
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NO STARTING PROBLEMS 


with 


WAGNER CAPACITOR-START MOTORS 


Pack more power into less space...give long 
troublefree service...are easy to hook up 


Quick Break Switch 


The starting winding is disconnected : . ‘. 

from the line by this Wagner designed Here are general purpose single-phase motors that have high starting torque and 

switch... test proved to make more than Ss i ope re 

© elias Gee, Shak celine te bon high pull-in torque. When used in the proper application and supplie -d with voltage 

starts per hour for 50 years!) close to their rating, they'll give positive starts every time. Troublefree operation 
is assured... thanks to the positive action of the Wagner governor mechanism 


and long life quick-break switch. 

Wagner Type RK Motors pack more power into less space. Small enough to fit 
in tight spots, their ruggedness is built-in... permits direct mounting. They are 
available in a range from 4 through 5 horsepower, with sleeve or ball bearings, 
and with rigid bases or resilient mountings. And, sleeve bearing fhp models can 
be operated in any position. 

Get these motors from leading distributors in your city, or from Wagner Sales 
Offices in 32 cities across the country. Your Wagner Sales Engineer will be glad 
to help you select the right motor for your application. Wagner Bulletin MU-217 
gives Fall details on Capacitor-Start Motors. 


Quick Connect Terminals 

Brass tabs on terminal studs permit Electri Corp . 
quick, easy connection of leads... cut Wagner 1c oration 
wiring time to speed assembly line pro- 6454 Plymouth Avenue, St. Louis 33, Missouri 
duction. Simply press the lead receptacle 


on to the stud—a positive connection 
is assured. WM60-2A 


The sleeve bearing desi 

hp ratings, has a positive lubrication 
system that permits operation in any 
position ...can mean important savings 
in motor costs to manufacturers. 


RIGID BASE 
V4 THRU 5 H.P 


RESILIENT- MOUNT 
V4 THRU 5 H.P 
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New COMPONENTS and MATERIALS 


A staf] compilation of the latest developments . . 
in electrically operated end products . . 


tions and available application data. 


PRESSURE REGULATOR 


Type A-53-A Vernator relies on varying 
volume in trapped systems to establish 
control. With a 10,000 to 1 dynamic 
pressure range. extreme sensitivity is 


available in setting any pressure from 
0 to 500 psia. May be used as a pres- 
sure generator over a limited range. 
Astromics Diy., Mitchell Camera Corp., 
666 W. Harvard St., Glendale, Calif. 
Circle 501 on Inquiry Card 


CERAMIC CAPACITORS 

Units made with stable dielectric con- 
stant ceramic capacitance 
within +10 per cent of room tempera- 


maintain 


ture at any temperature between —55 
and +125 C. Any capacitance available 
between 150 and 25.000 pf, with rated 
voltage of 25, 200 and 500 volts d-c. 
Sizes vary from 0.100 in. sq x 0.090 in. 
thick to %6 x 34 x 0.150 in. thick. 
Mucon Corp., 9 St. Francis St., Newark 
5, N. J. 

Circle 502 on Inquiry Card 


ADJUSTABLE FUNCTION 
GENERATOR 


Model DC 250, which operates on an 
input of 0 to 50 volts, contains 34 ad- 
justable sliders which form a visual 
graph of function. Turning shaft of unit 


provides the non-linear output. Can pro- 
gram and control any process or opera- 
tion which is function of shaft position 
or time. Perkin-Elmer Corp., Norwalk, 
Conn. 

Circle 503 on Inquiry Card 


POTENTIOMETER-TYPE 
PRESSURE TRANSDUCER 

Model 12112 available in 
ranges from 1 to 200 psi, either gage 
or absolute, is suited for missile and 
space environments. Resolution of 0.25 


capsule, 


to 0.33 per cent accomplished by 
means of platinum alloy winding ele- 
ment with optional resistance from 5000 
o 15,000 ohms. Repeatability, hysteresis 
and friction are typically under 0.5 per 
cent. Princeton Machine and Develop- 
ment Co., P. O. Box 187, Princeton 
Junction, N. J. 

Circle 504 on Inquiry Card 


GERMANIUM 
BACKWARD DIODES 


The 1N3353, designed for high-fre- 
quency, low-level applications, can con- 
duct high currents with very low voltage 
drops. Forward voltage at 1 ma, 90 mv 
max. Peak point current, 100 pa max. 
reverse breakdown voltage at 1 ma, 480 
mv min. Typical valley capacitance, 3.5 
pf. Series inductance, 1 yh. Philco 
Corp., Lansdale Div., Lansdale, Pa. 
Circle 505 on Inquiry Card 


MINIATURE 
SERVO AMPLIFIER 


Unit which is 80 per cent efficient re- 
quires no heat sink when functioning 
in an ambient temperature range from 
—55 to +125 C. Input, 115 volts, 400 
cps; output, 3.5 watts; input imped- 


. screened for design-in use 


. complete with all released specifica- 


ance, 7500 ohms; voltage gain, 150 
volts; output voltage, 57 volts a-c max. 
Magnetic Amplifiers Div., Siegler Corp., 
632 Tinton Ave., Bronx 55. N. Y. 

Circle 506 on Inquiry Card 


SOLID-STATE 
CHARACTER GENERATOR 
Series C3600 and CL3600 “Curviline” 


generators, 4 x 6 x 7 in. and 5% in. 
relay-rack panel, respectively, combine 
continuous straight and curved lines to 
form all digits, letters and many sym- 


bols. Can be used with any CRT dis- 
play. Writing rates to 50,000 characters 
per sec are obtained by forming all 
symbols from simple formats. RMS 
Associates, Inc.. 805 Mamaroneck Ave., 
Mamaroneck, N. Y. 

Circle 507 on Inquiry Card 


HIGH-CURRENT 
SOLID-STATE RECTIFIERS 


Types 1N1199A, 200A, 202A, 203A, 
204A, 205A, and 206A, have peak in- 
verse voltages of 50, 100, 200, 300, 400, 
500 and 600 volts, respectively; supply 
voltages of 35, 70, 140, 212, 284, 355, 
and 424 volts a-c rms; reverse currents 
of 3, 2.5, 2, 1.75, 13, 125 and 1 ma 
max. All have average forward currents 
of 12 amp at 150-C case temperature 
and forward voltage drop of 0.55 volt 
max. All are silicon, diffused-junction 
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DOUBLE-DIFFUSED SILICON INDUSTRIAL TRANSISTORS 


4 : G " is Al ne produces circuit voltage gains of 1,000 and up 
price is competitive with germanium and 
lower performance silicon 
eliminates hum and microphonics in low noise 
circuit design 


provides low noise circuit performance from 
1KC to 150KC 


permits circuits with very low power 


consumption 

operates over a wide temperature range, 

up to 125°C. 
For fast deliveries, call your Fairchild Distributor or 
factory field sales office. Write for complete specifications 


and pricing information on the total Fairchild line... 


Aloe Le 2 NOS eee 


CIRCUIT TEST RESULTS OF RANDOM 2N1983 SAMPLES FOR Q, 


Noise Referred To Voltage 
input In » Volts Gain 


1000 
1080 
1080 
1080 
1080 
1190 
1190 
1190 
1190 
#10 1190 


r v 
Q,: 2NI983 Q,:2NI983 10 SAMPLES TESTED 


MAXIMUM RATINGS at 25°C 
Vcpo — Collector to Base Voltage 50 Volts VeBo — Emitter to Base Voltage 5.0 Volts 
Vceo — Collector to Emitter Voltage 25 Volts Pp — .6 Watts in Free Air 
Symbol Characteristic Min. Max. Units Test Conditions 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) gaan igmneiewens gt ata ona 
Symbol Characteristic Min. Max. Units Test Conditions ———— 80 240 IC S0mA VeE—5.0¥ 
Vee Non-Saturated Base Voltage 85 Volts ig = 1.0 mA Vor = 5.0 V * Fi Re v 
Res Saturation Resistance ohms Ig =5.0mA — ig= 0.5 mA Me reace oe c apie oany 


h High Frequency Current Gain y I¢ = 50 mA Veep = 10V 
" f= 20 mc P s hr Voltage 7.0 *10-* Ig =1.0mA Vog=5.0¥ 


Cop Output Capacitance le= 0 Yop = 10V Feedback Ratio 7.0 x10-* Ig =5.0mA Vog=5.0V 
IcBo Collector Cutoff Current . Ige= O Yop = 30V hob Output 1.0 wmho Ip =1.0 mA Vog=5.0V 
icpo(+150°C) Collector Cutoff Current le= 0 Vop = 30V Conductance 1.5 wmho Ip=5.0mA Vog=5.0V 


Voer (sust) Settean Poa Sustaining ic¢=100mA = Rge= 102 hie Input 2000 ohms I¢—5.0mA Vop—5.0V 
sis 


Voeo (sust) Collector to Emitter Sustaining I¢ =.100 mA = 
Voltage (Pulsed)* hoe Output - 200 wmho Ip =5.0mA Voge =5.0V 


leBo Emitter Current 100 Ic 0 Conductance 


*Rating refers to a high current point where collector-to-emitter voltage is lowest. 
For more information send for Fairchild Publication APP 4 


SMALL SIGNAL CHARACTERISTICS (f=1kc) 2N1983 


SEE US AT WESCON BOOTH NO. 814-16 Fl eo i= nll ' LC) 


ek (aS 
SEMICONDUCTOR 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. - YORKSHIRE 8-8161 - TWX: MN VW CAL853 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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NEW DOUBLE T 
INDUSTRIAL SOLENOID 


Delivers Greater Pull, 
Faster Cycling, 
Longer Life 


The new 831 series of industrial 
solenoids designed by Controls Com- 
pany, the world’s largest manufac- 
turer of laminated solenoids, will even 
out-perform many solenoids of larger 
size. Check these features: 


Double T plunger provides level 
pull characteristics with no power 
drop-off at 2/3 stroke. 


Epoxy encapsulated coil is imper- 
vious to water, oil, acid or alkalies. 


Hard chrome plated, beryllium 
copper core guides assure in- 
creased life. 


Heavy coat of epoxy paint on frame 
and core provides added protec- 
tion against environmental condi- 
tions. 


Universal mounting bracket per- 
mits mounting in any position. 


Plunger has reinforced linkage de- 
sign providing maximum bearing 
surface. 


To learn how you can have improved 
solenoid performance at lower cost, write 
for Industrial Solenoid Bulletin SL-33 
containing puli curves, specifications and 
performance facts. A 

complete line of com- 

mercial grade solenoids 

is also available. For in- 

formation, ask for Com- 

mercial Solenoid Bulle- 

tin SL-23. 


CONTROLS COMPANY 
OF AMERICA 


APPLIANCE AND AUTOMOTIVE DIVISION 


9555S SORENG AVENUE 
SCHILLER PARK, ILLINOIS 


168 Circle 188 on Inquiry Card 


types, hermetically sealed. Thermal im- 
pedance, 2 deg C per watt. Meet 
MIL-E/1/1108. Radio Corp. of Amer- 
ica, 30 Rockefeller Plaza. New York 20. 

Circle 508 on Inquiry Card 


SNAP-BLADE 
CIRCUIT BREAKER 


The SMB unit, for use in continuously 
running motors in which the ratio be- 
tween the running overload and the 
locked rotor current is small, has the 


ability to hold its closed position and 


Bimetal blade 


peenter 1eg 


, Silver 
/ contact 


Mounting bose 
(weld type) 


permit the flow of current even when 
surrounding temperatures are almost as 
high as heat generated by overload. 
Available in range from 6 to 24 volts 
d-c for from 10 to 70 amp with trip 
times from 2 to 20 sec. Typical reset 
times, from 1 to 6 sec. Also available 
for 115 volts a-c nominal voltage and 
locked-rotor current ratings from 15 to 
60 amp. Sylvania Electric Products. 
Inc., Ipswich, Mass. 

Circle 509 on Inquiry Card 


VIBRATORY MOTORS 


Units of the type used in reciprocating 
sanders, jig-saws, vibrating feeders, etc. 
are available in three standard models. 
Model VM-30. the largest, is rated 


4 amp full-load input at 115 volts, 60 
cps and will deliver 14,400 strokes per 
min through %%-in. lineal 
Syncro Corp., Oxford, Mich. 


Circle 510 on Inquiry Card 


MOISTURE-PROOF 

SOLENOID VALVES 

Series 10 valves with magnetic circuit 
completely encapsulated in epoxy can 
be supplied with rectifier diodes molded 
into the unitized circuit to allow opera- 


distance. 


tion from a-c power source. Peter Paul 
E'ectronics, Inc., 251 Whiting St., New 
Britain, Conn. 

Circle 511 on Inquiry Card 


CLEAN LUBRICATING 
GREASE 


“Minapure” is said to be cleaner than 
the best previously available greases 
meeting the highest specification which 
permits presence of 10,000 particles of 
foreign matter 10 » or above per cu cm. 
Has been tested under extremely high 
rpm and load conditions. Exceeds MIL 
specifications for grease purity. Minia- 
ture Precision Bearings, Inc., Keene, 


N. H. 
Circle 512 on Inquiry Card 


LOW-POWER RECTIFIERS 

Series 1N536 units are available in rat- 
ings to 750 ma max forward current and 
from 50 to 1000 volts. 
Suited for magnetic amplifiers, preci- 


range in piv 


sion metering, ring modulators, high-Q 
circuits and test equipment. Made by 
double-diffused process which produces 
junctions with low forward voltage 
drops and low reverse currents. Suit- 
able for operation in ambient tempera- 
tures from —65 to +165 C without 
external heat sinks. Westinghouse Semi- 
conductor Dept., Youngwood, Pa. 


Circle 513 on Inquiry Card 
MANUAL-RESET THERMOSTAT 


Type WA-14, non-adjustable limit con- 
trol, is designed so that when an unsafe 
temperature limit is reached, the snap- 
action bimetal disk opens contacts. Only 
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McGILL CAN SOLVE YOUR SPECIAL SWITCH PROBLEMS 


Like In-Sink-Erator you may have 
found that a non-standard switch is 
the only way to actuate and control 
the unusual circuitry of your product. 
I-100-L momentary contact switches designed for the purpose are 
used to actuate the mechanism of their domestic garbage dis- 
posers by cam action. One model uses a 15 amp. 115V % hp 
switch, another an 8 amp. 115V % hp. Stainless steel com- 
ponents, effective seal against water pressure and extra 

switch durability help to insure long life efficiency. 
If you have such special switch requirements, ask McGill 
application engineers for their recommendations — spe- 
cial switch development is part of everyday activity 

at McGill. 


1-100-L 


IN-SINK-ERATOR CUTS COSTS 30% 


“Actual cost reduction of at least 30% by reducing 
number of parts. Accurate positioning by use of 
threaded mounting. Easy service of switch by use 
of micrometer screw adjustment.” These are the 
comments of J. H. Enright, In-Sink-Erator 
Manufacturing Company electrical engineer, 
D EPENDA B iB = concerning the advantages of the McGill 
switches used in the popular In-Sink-Erator 
domestic garbage disposers. 


mis ¢ aq z my. .for the performance you want 


QUALITY 20 AMP ROCKER SWITCH - 


A new series of switches to meet the appearance, 

operational, dimensional and cost requirements of a 

wide range of appliance and electrically powered 

equipment applications. Hundreds of variations with 

respect to actuator colors and sizes, mounting brackets, 

plates, circuitry and terminals are available to solve your 6800 Series 

specific design problem. Heavy duty construction and 20 

amp. 125V AC 1% hp ratings assure long and dependable life. 


30 AMP MOMENTARY | 0111-032301 
CONTACT SWITCHES 


Designed especially to apply 
extra performance and life 
dvatinnes wiane 98 tbe. 6 to 20 AMP SP and DP TOGGLE SWITCHES 
in small size, can simplify assembly Enclosed in impact-resistant molded phenolic, 
1901 Series and eliminate auxiliary components. and‘McGill LEVOLIER toggle switches are dust 
Simplified switching action utilizes two and vibration-proof. 
precision wound stainless steel springs. Available in 6 amp. to 20 amp. models with 
Contact bounce is eliminated. Solid copper added DC and HP ratings; SP and DP. Choice 
contacts are inlaid with silver cadmium of wire leads, soldering lugs or screw terminals 
oxide. 30 amp. 125-250V momentary contact on most models. 
with choice of terminals and six actuators. 


engineered electrical products 


NEW CATALOG 


No. 60 is just off the press. It’s yours for 
the asking — write for your copy today, 


McGILL MANUFACTURING COMPANY, INC., ELECTRICAL DIV., 700 N. CAMPBELL ST., VALPARAISO, INDIANA 
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DO YOU NEED Automation 
FOR FINISHING WIRE LEADS 
WITH TERMINALS ATTACHED? 


new ARTOS 
TA-20-S 
Performs 

4 Operations 
Automatically! 


Artos TA-20-S 
with guard raised 


1. Measures and cuts solid or stranded wire 2” to 250” in length. 
2. Strips one or both ends of wire from 1%” to 1”. 


3. Attaches any prefabricated terminal in strip form to one end of wire. 
(Artos Model CS-9-AT attaches terminals to BOTH ENDS OF WIRE 


simultaneously.) 


. Marks finished wire leads with code numbers and letters. (Available 
as optional attachment.) 


PRODUCTION SPEEDS up to 3,000 finished pieces per hour,’ 
Can be operated by unskilled labor. Easily set up and adjusted 
to different lengths of wire and stripping—die units for different 
types of terminals simply and quickly changed. 


ENGINEERING CONSULTATION... recommendatiors without ob- 
ligation. Special adaptations made to fit requirements of your 
product. Machines for all types of wire lead finishing. 


VisiT US 
AT BOOTH 4721— WRITE for FREE Bulletin No. 655 on Artos TA-20-S 
WESCON SHOW World Leaders in 


Automatic Machines for Finishing Wire Leads 
ARTOS EXCGCINEERING CO. 
2741 South 28th Street ° Milwaukee 46, Wisconsin 
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after disk cools and snaps back can 
contacts be reclosed by depressing reset 
button. Listed with UL for up to 350 F 
at 25 amp resistive, 120 to 240 volts a-c. 
Therm-O-Disc, Inc., Mansfield, Ohio. 
Circle 514 on Inquiry Card 


MINIATURE 

SILICON RECTIFIERS 
“Trim-Line” series, made by diffusion 
process, obtain low junction tempera- 
tures by efficient heat transfer from 


om 
junction to metal case. Current ranges, 
up to 1.5 amp at piv ratings up to 1000 
volts. Slater Electric, Inc., Glen Cove, 
N. Y. 
Circle 515 on Inquiry Card 


TWO-POLE TIMING RELAYS 


Class 9050 Types B and C relays have 
timing adjustable from 0.2 sec io 3 min. 
Furnished with one or two SPDT inter- 
locks; easily converted from oN-delay 


to oFF-delay. Contacts are totally en- 
closed to avoid dust problems. Available 
for a-c and d-c operation. Square D Co.. 
Dept. SA, 4041 No. Richards St., Mil- 
waukee 12. 

Circle 516 on Inquiry Card 


LOW-PRESSURE 
POTENTIOMETER 
TRANSDUCER 


Miniature transducer L-96 is available 
in 0 to 10 to 0 to 350 psi absolute or 
gage pressure ranges. Self-compensat- 
ing to ambient temperature and pres- 
sure variations. Oil-filled to absorb 
shock and compensate for vibration. 

(Continued on page 172) 
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Do Your Gear Applications Require CLUSTERS? 


If you are producing Aerial Cameras— Windshield Wipers—Tape 
Dispensers—Fire Control Apparatus—Computing Equipment— 
or many other items where combinations of different Gear types 
are needed, G.S. Clusters will give you the maximum in precision 
design. Spurs or Helicals in combination with straight and spiral 
bevels, spur pinions, worm gears, and clutches are all made with 
the consistent “better-than-spec’’ quality for which G.S. is 
famous all over the country. 

Perhaps you have an irksome problem involving such clusters 
—or some other Small Gearing application. G.S. engineers will 
be glad to sit down with you and discuss solutions, in the light 
of our more than four decades of experience in every area of 
U.S. industry where precision Small Gearing is used in quantity. 


Why don’t you write or phone us—today? 


Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 


SEND FOR G.S. i//ustrated folder! See where and how we mass- 
manufacture Small Gearing to uniformly fine tolerances. Folder 
SPURS ® SPIRALS © HELICALS © BEVELS © INTERNALS contains 23 pictures of Small Gears, plant view, Diametral and Cir- 
WORM GEARING © RACKS © THREAD GRINDING cular Pitch Tables, Ask for your copy on company stationery, please! 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 


OF FRACTIONAL HORSEPOWER mn F Yeuts of cpecializing ingdmall Gearing! 
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TVA a TRS 


Weight, 4 oz. Size, 1 in. diam x 2 in. 
long. Available with special alloy con- 
struction for operation in corrosive 
media. Servonic Instruments, Inc., 1644 
Whittier Ave., Costa Mesa, Calif. 

Circle 517 on Inquiry Card 


FLUSH-MOUNTED 

FASTENERS 

Types AA, AB, BA, B8 pressure-dis- 
placement fasteners for installation into 
ductile material using standard punch- 
press procedures are available for sheet 


tL icanesses from 0.040 through 0.180 in. 
in thread sizes ranging from 2-56 
through 44-28. Types BA and BB meet 
equirements of MIL-N-25027. Material 
is high-carbon steel, cadmium plated 
per QQ-P-416, Type II, Class 3. Stake 
Fastener Co., 1710 Potrero St., South 
El Monte, Calif. 
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PROGRESSIVELY 
SHORTING SWITCHES 


These switches are available with 20 
and 24 positions in 134 in. diam and 24 
and 32 positions in the 214 in. size. 
Can be used as a control deck for rotary 
solenoid operation, capacitor - decade 
switching, etc. Made with separate col- 





Your tools, appliances, and other electrical equipment will look better, 
work better, sell better . . . with Royal-designed power supply cords, 
complete and exact to your specs in every detail. In black or colors to 
match your product styling. Trade marked or name branded. In rubber, 
neoprene, vinyl or braided jackets — with molded-on caps, connectors, 
strain reliefs, special attachments — dimensioned for fast, low-cost 
assembly to your product. Remember, too, we've a big toolroom of stock 
molds to cut or eliminate design time and tooling costs. Prompt deliveries. 


ROYAL ELECTRIC CORPORATION * PAWTUCKET, RHODE ISLAND 


WRITE FOR Engineering Catalog No. 5-59 
Or Ask to Have Our Representative Call ; 
in California: Electric Cords & Supply Corp. oe 
413 East 3rd St., Los Angeles 13 ferectric/ TE 


lector-ring connection for complete or 


in Canada: Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec soe @M @ssociote of 
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TO THE ENGINEER 
who wants to transfer 51 circuits simultaneously 


If you need simultaneous transfer of a large 
number of circuits without fail, take a look at 
AE’s new WQA relay. It will do the work of 
four or more heavy-duty, general-purpose 
relays each with maximum spring pile-ups, 
and sustain 50 million or more operations 
without readjustment. 


In the WQA relay, all moving springs pass 
through holes in a unique actuating “card.” 
Moved directly by the armature, the card in 
turn actuates all the moving springs. This 
method of operation pre-establishes exact 
timing and sequence of all spring operations, 
and at the same time assures perfectly syn- 


AE Series WQA | 


Quick-Acting i 
Wire-Spring Relay i 
IS A i MES BR — | 


chronized “break-before-make’” on all circuits. 
Contact capacities on WQA relays can be 
custom-tailored to your needs, with either 
one, two or three levels of contact assemblies 
available, each with a capacity of 17 Form C 
combinations. Other Forms available. 


Our circuit engineers will be pleased to work 
with you in adapting the WQA to your spe- 
cific design. Or, if you wish, they’ll take on 
the complete packaging job. 


If you’d like more information on the WQA 
relay, address your request for Circular 
1957 to: Director, Control Equipment Sales, 
Automatic Electric, Northlake, Illinois. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


ey 
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FULL OF 
RELIABLE 
POWER... 


. .. MERKLE-KORFF 
FHP GEARED MOTORS 


Engineers want unfailing reliability, higher 
starting torques, more power, more ver- 
satility, more ruggedness ... in smaller 
packages. 

Merkle-Korff Geared Motors are the 
answer, They pack more torque into fist- 
sized spaces (even reversibles) with less 
weight and provide unequalled depend- 
ability. They represent not only a better 
buy, but better performance for equipment 
they power. 

Versatility? Thousands of combinations 
of motor types, speeds, torques, brakes, 
fans and mounting facilities are available 
as standard equipment. When you specify 
Merkle-Korff Geared Motors, you are speci- 
fying the best. 


Merkle-Korff Applications Engineers are 
always ready to serve you. Write or tele- 


phone, now. 


TORQUE & RPM 


Torques from .4 to 300 Ib.-in, 
at 800 to 1/5 RPM. Slower 
or higher speeds available on 
special order, 


MOTOR TYPES 


- include unidirectional 
shaded pole induction, tandem 
induction reversing, wound 
shading coil induction revers- 
ing, unidirectional synchronous 
and wound armature types for 
universal AC-DC and shunt 
wound DC with lead arrange- 
ment for reversing as required. 
15 volts, 60 cycles or DC is 
standard. Special voltages and 
frequencies are available. 


MOUNTING POSITIONS 


Horizontal or vertical up or 
down shafts in base mounted 
no base (face mounted), eon 
ted base or sidewall mounted 
designs. 


OPTIONAL FEATURES 


The Model BF Geared Motor 
may be ordered with leads 
cord set, quick disconnect fins 
minals, brakes, motor covers 
thermal overload pestecton, 
right angle shafts and venloue 
oiling arrangements, 


continuous programming and special 
applications. Can be ganged for multi- 
ple-deck applications. The Daven Co.. 


Livingston, N. J. 
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BEARING SCREW 

Linear actuator offers choice of operat- 
ing characteristics and linear advance- 
ments in same screw lead. Design selec- 
tion is made possible by planetary and 


positive drive assemblies. Produces 
constant positive linear advancement 
as function of input revolution. Adapt- 
able to multiple-screw applications re- 
quiring synchronized advancements. 
Bearing screw is suitable for hand- 
or power-operated applications. The 
Anderson Co., Gary 40, Ind. 
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MINIATURE TOROIDS 


Model TAS-125 is a small toroid avail- 
able for use in the 0.5 to 20 ke range. 
Inductance values of 0.010 to 500 mh. 


\ 


Uncased unit has Q values to 60 and 
measures 3 in. OD x 4 in. high. Toro- 
tron Corp., 256 E. Third St., Mount 


Vernon, N. Y. 
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SELF-SEALING FASTENERS 


High-pressure fasteners have resilient 
nylon pellet imbedded in threaded 
area; feature supplements locking ac- 
tion of O-ring under fastener head. 
Can be removed and reused without 
affecting sealing action. Nylon feature 
is approved under MIL-R-18240 in 


MERKLE-KORFF GEAR CO. 


Chicago 7, Illinois 


211 North Morgan Street € 
Telephone: MOnroe 6-1900 
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Mietalized Bond Now Over 15,000 PSI 


Advanced metalizing and brazing techniques at Coors now produce bond 
strengths better than 15,000 psi. Test parts, as shown above, are being considered 
for standard ceramic-to-metal test specimens by ASTM. These Coors test parts 
are run with each group of customer parts to guarantee specifications. Coors is 
presently metalizing and brazing parts of large mass and complex design, using 
these high strength techniques. For the newest techniques in high temperature, 
high strength ceramic-to-metal assemblies, write for Technical Data Sheet No. 
0500, “How Ceramic-To-Metal Seals Are Made’”—or call your nearest Coors 
Regional Sales Manager: West Coast, William S. Smith, Jr., EM 6-8129, Redwood City, Calif.; 


Mipwest, John E. Marozeck, FR 2-7100, Chicago, [l.; CENTRAL, Donald Dobbins, GL 4-9638, Canton, Ohio; 4 
East Coast, John J. McManus, MA 7-3996, Manhasset, N.Y,; NEw ENGLAND, Warren G. McDonald, FR 4-0663, 

Schenectady, N.Y.; Southwest, Kenneth R. Lundy, DA 7-5716, Dallas, Texas; SoutHwest, William H. Ramsey, 

UN 4-6369, Houston, Texas. 
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ALUMINA CERAMICS re 


Coors Porcelain Co., Golden, Colo. ol msa LETT 
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THESE ARE SPRAGUE'S TWO OUTSTANDING 
HIGH-TEMPERATURE MAGNET WIRES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 200°C 


U 


6 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up 10 250°C 


CERAMIC 
INSULATION 


THIN 
SILICONE 
FIUA 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


a 


be =, 
SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.*% * * * * 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


StS 


THE MARK OF RELIABILITY 
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tapped holes. Screws are stainless steel 
| with silicone rubber O-rings, in slotted 
or phillips-head construction. APM 
Corp., 41 Honeck St., Englewood, N. J. 
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SYNCHRONOUS 
INDUCTION MOTOR 


Single-phase, 60-cps, 115-volt, capacitor 
start-run unit employs 3-u«f capacitors. 


Size, 1.88 in. diam x 2.25 in. long. Pull- 
out torque, 8 oz-in. min. Task Corp., 
1009 E. Vermont, Anaheim, Calif. 
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MINIATURE 

CATHODE-RAY TUBE 

Type NU129 tube of 1%6 in. max diam x 
4 in. long has electrostatic focus and de- 
flection with an isolated cathode lead. 
Features 12-pin E11-22 stem which has 


flat tabulator press. Bulb has flat face. 
May be operated up to 1000 volts and 
provides brilliant display with a spot 
size of less than 0.010 in. National Union 
Electric Corp., Electronics Div., Bloom- 
ington, III. 
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SATURABLE-CORE REACTORS 
Units are available in 14, %, 34, 1, 
114, 2, 3, 5, 7% and 10 kva, 60 cps, 
600 volts and below. Open construction 
is characterized by black varnish im- 
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1000 INCH-LBS. 
TORQUE 
THAT SMALL’ ? 


You can use these new Globe planetary gearmotors to 
replace units 5 to 10 times as large and heavy. They 
slash pounds of dead weight from your design—give 
you up to 500 inch-pounds continuous duty or 1000 
inch-pounds intermittent duty torque. Here’s enough 
brawn to handle aircraft, missile and other high-quality, 
high-reliability jobs. Smaller gearbox shown above gives 
200 in.-lbs. intermittent, 100 in.-lbs. continuous duty. 

Globe’s brand new planetary gearing system provides 
22 ratios from 1.87:1 to 5211:1. Stage efficiency of 
90% or better has been achieved by using heavy duty 
precision ball bearings on every gear and on the output 


GLOBE INDUSTRIES, INC. 


PRE 1StON MINIATURE A.C. @ D.C MOTORS ACTUATORS 


TIMERS CLUTCHE BLOWERS, FANS MOTORIZED DEVICES 


shaft. Heat treated gears and hardened output shaft 
withstand enormous turning and bending moments. 
Type BD and BL gearmotors fit your application exactly, 
using 21 standard armature windings for 4 to 115 v.d.c. 
power—custom design for your application can include 
speed governors, brakes, and clutches. 134” flange 
gearmotor typically weighs 114 Ib.; 3” flange high- 
torque gearmotor weighs 43% Ib. typ. 

Let Globe engineers review your application early 
in the design stage. Prototypes furnished promptly. 
Write for Bulletin BPG. Globe Industries, Inc., 1784 
Stanley Ave., Dayton 4, Ohio. Phone BAldwin 2-3741. 
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PRODUCING OR 
DESIGNING FOR 
WELDED 
ELECTRONICS? 


Send for free Technical 
Report: Metallurgy of 
Electronic Welding 


Having trouble welding cer- 
tain metals for use in elec- 
tronic packaging? ™ Hughes 
customers had problems too. 
@ To help solve customer 
problems, Hughes metallur- 
gists thoroughly researched 
the many variables affecting 
the weldability of these met- 
als. Their findings, clearly 
summarized in a new report, 
are now available for your use. 
@ This study contains easy-to- 
understand tables, diagrams, 
formulas and photomicro- 
graphs of actual weld cross- 
sections. It covers: 


The Resistance Welding 
Process 
Significant Factors in 
Resistance Welding 
Evaluation of Weldability of 
Various Materials 

® Weldability of Clad Materials 
TEST anlite tamu tte LES 


Wire or write for your FREE copy 
today! Ask for the “Metallurgy of 
Electronic Welding” report. 


HUGHES AIRCRAFT COMPANY 
VACUUM TUBE PRODUCTS DIVISION 
2020 Short Street, Oceanside, Calif. 
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pregnation and lug terminals on coils. 
Class B insulation used throughout gives 
80-C rise over 40-C max ambient. West- 
inghouse Electric Corp., P. O. Box 2099, 
Pittsburgh 30. 

Circle 525 on Inquiry Card 


8PDT SELECTOR SWITCH 


Remotely-operated 8PDT switch oper- 
ates banks of coaxial switches, features 
light-weight construction and _ gasket 


4 


sealing. Unit does not require continu- 
ous actuating power. Contact rating is 
5 amp; actuation voltage is 115 volts 
a-c. Life is 40,000 actuations; switch- 
ing time is 100 millisec. Bay-Roy Elec- 
tronics, Inc., P. O. Box 7503, Cleveland 
30, Ohio. 
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TRANSPARENT BUTYRATE 
TUBING 


Transparent tubing is offered in 76 
standard sizes ranging from 0.750 in. 
OD with e-in. wall thickness to 6.625 
in. OD with 14-in. wall thickness. Ma- 


terial can be drilled, sawed, tapped, 
lathe-turned and cut. Impact strength 
is 2 ft-lb per in. of notch at 73 F. Speci- 
fic gravity is 1.2. Busada Mfg. Corp., 
32-21 Downing St., Flushing 54, N. Y. 
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SELENIUM PHOTOVOLTAIC 
CELLS 


Series of encased or encapsulated selen- 
ium cells features linear output, high 
sensitivity at low light levels, resist- 
ance to shock and vibration. Two 
models, hermetically sealed, are helium- 
filled to facilitate cooling. Plastic en- 
cased cells, in rectangular or circular 
shapes, are supplied with threaded or 
plug-in terminals. Daystrom, Inc., 





RCA 2N2015 AND 2N2016 
SILICON POWER 
TRANSISTORS 


"STOP" 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


w Fast delivery from local stock 

Prompt delivery of the latest RCA 
types for your evaluation 

w Orders filled from factory-fresh 
stock 

wv Up-to-date, practical product infor- 
mation 

Valuable RCA technical assistance 
when you need it 

“One-stop” service on your orders 

» Specialists who understand your 
problems and your electronic needs. 

Remember, when you want fast delivery, 

reliable service, always check first with 

your local RCA Semiconductor Distrib- 

utor. For the name and address of your 

nearest RCA Semiconductor Distribu- 


| tor, write RCA, Distributor Products 


Sales, Harrison, N. J. 
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Now 0.25 ohm max. R;; min. beta of 15 @ 5 amp—7.5 @ 10 amp 


..with RCA 2N2015 and 2N2016 
150-watt, 200 C Silicon Power Transistors 


Outstanding as replacements for germanium power transistors of comparable power e 0.25-ohm max. saturation resistance 
ratings in inverter, voltage-regulator and other power-supply applications, the new at Ic = 5 amp. 
high-temperature RCA 2N2015 and 2N2016 feature: e Beta of 15 to 50 at Ic = 5 amp. 

e Min. beta of 7.5 @ I¢ = 10 amp. 

@ 10 amp max. collector current. 


e 150 watts max. transistor dissipation 
at 25°C. 


e@ 200°C max. junction temperature. 
e 1.17°C/W max. thermal resistance. 
e JEDEC TO-36 package. 

e Immediate Availability. 


2N2016 


INPUT 


| = ; OUTPUT 
32 to 40 VOLTS . 28 V REG 


2N1481 


RCA 2N2015, 2N2016 can deliver 10 
amperes to 280-watt load in voltage- 
regulator circuit. 


Check these superior ratings against those of the germanium types you are now using: FIELD OFFICES: 
ee Set oe koe | ee | Typical fag } com | ames | EAST: Newark, N. J., 744 Broad Street, HUmboldt 
Type @ 25°C Watts Amp Volts Volts Ke —— Package 5-3900 - Erlton, N. J., 605 Marlton Pike, HAzel 
8-4802 - Baltimore, Md., ENterprise 5-1850 + Syra- 
GRanite 4-5591 - NORTHEAST: Needham Heights 
94, Mass., 64 “A” Street, Hillcrest 4-7200 - SOUTH- 
10 TO-36 EAST: Orlando, Fla., 1520 Edgewater Drive, Suite 


#1, GArden 4-4768 - EAST CENTRAL: Detroit 2, 


‘ : Mich., 714 New Center Bldg., TRinity 5-5600 - 
Call your RCA representative today for full particulars on new RCA 2N2015, 2N2016 and neki aanine rae Reanim Site ain 


the entire RCA lineup of Industrial Silicon Transistors. For additional technical information, Mart Plaza, WHitehall 4-2900 - Minneapolis, Minn., 

write RCA Semiconductor and Materials Division, Commercial Engineering, Section “1-54-NN 5805 Excelsior Bivd., WEst 9-0676 - WEST: Los 

Somerville, New Jersey. Angeles 54, Calif., Box 54074, RAymond 3-8361 - 

Burlingame, Calif., 1838 El Camino Real, OXford 

. 7-1620 - SOUTHWEST: Dallas 7, Texas, 7905 Car- 
Available 


ee 7 . : > Dai penter Freeway, Fleetwood 7-8167 - GOV’T.: 
through he Most Trusted Name in Electronics Dayton, Ohio, 224 N. Wilkinson St., BAldwin 6-2366 


distributor 
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wi— another 
NEW product 


Weston Instruments Div., 614 Freling- 
kuysen Ave., Newark 12. N. J. 
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SOLID-STATE 
CRYSTAL OSCILLATOR 


NOW AVAILABLE - DFO-10 oscillators operate at frequen- 
NEW SIZE H-44 cies from 10 ke to 3 me or from 3 me 
electro-magnetic to 100 mec. Qualified under all condi- 

DISC BRAKES tions of MIL-E-5400 at 100 ke; main- 


tain frequency tolerance of +0.005 to 


Prompt 
Shipment 


\ 
\ Torque—3 lb-ft. max. 
‘ Weight-5' Ib 


Exclusive 
Stearnetic 
unitized 
construction, 


and 
““Visi- Wear- upon frequency, waveform and_ load 


Indicator” impedance. Temperature range is “55 
to +90 C. Delta-f, Inc., 113 E. State St., 


+0.03 per cent. Output voltages of 100 
mv to 12 volts available, depending 


ait Geneva, IIl. 


i ger™ Circle 529 on Inquiry Card 
SWITCH ACTUATORS 


MORE TORQUE PER POUND... Two actuators, Models A and B, allow 
MORE TORQUE PER CUBIC INCH! ON or OFF switching through are range 


from 0 to 350 deg. Model A switch is 


THE NEW STEARNS “H-44’s” are spring set—solenoid rated at 1500 watts, 100 million opera- 
released disc brakes that mount on NEMA “C”’ flanges 

of ‘40 frame’”’ fractional hp electric motors . . . provide 

fast, smooth, quiet stops—“‘failsafe’’ operation . . . com- 

bine higher torque with minimum size and weight. 


THE NEW STEARNS “H-44’s” are available for either 
AC or DC... in Standard, or Dustight-Waterproof en- 
closures . . . operate horizontally or vertically ... are also 
available with brackets for floor mounting. 


Specify THE NEW STEARNS “H-44’s” with complete 
confidence—they have been fully life-tested, and Installa- 
tion-Proved for long, trouble-free, dependable operational 
life with a minimum of maintenance. 


Request Stearns New Product Preview 1-61-B tions. Model B, double throw, is a 
snap-action switch for applications 
slower than 1 rpm. Bayside Timers, 
43-69 162 St., Flushing 58, N. Y. 

ry dole oA, Circle 530 on Inquiry Card 

ORAT 

aD PRESSURE TRANSDUCER 


120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 
The Complete Line of Electromagnetic Civiches — Brokes — Clutch-Brokes Type 4-350 transducer features sensi- 
SINCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS tivity of 50 mv, repeatability within 


‘ 
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Familiar product... new use 


In the hands of experts, a well-known 
product has found a new use, brought 
about by today’s fast moving technology. 
A spacer with electrical insulating and 
special mechanical properties was 
required for this stud-mounted power 
transistor. CDF solved the problem with 
paper phenolic rolled tubing, a long- 
established grade. Fabrication of the 
spacer is accurate and low cost on 
automatic screw machines, ——_Z a sana anes rr a 


Result: Reliability is assured through use of 8 
a time-tested and proven material, while 


costs are kept to the minimum. 


A few facts on the tubing: (1" x 1%") 
Dielectric strength, perp., vpm. 

Min. density 

Water absorption, % 

Axial compression, psi 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE * A SUBSIDIARY OF THE -Afaehf COMPANY 
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With Heinemann’s Type A Silic-O-Netic®, you get two relays 
for the price of one: a time-delay relay and a load relay. In 
one small package (shown actual size above), you get a time- 
delay relay that can double, if you wish, as a load carrier, too. 
(It’s got a continuous-duty coil; you don’t have to use aux- 
iliary lock-in circuits or slave relays.) 

The Type A tips the scale—barely—at three ounces. It 
comes with any delay you spec, from a quarter-second to two 
minutes, can be supplied for use on any one of twenty stand- 
ard AC or DC voltages. Contact capacities range up to three 
amps. Maximum power consumption is two watts AC, three 
watts DC. Switching is SPDT or DPDT. Operating life is some- 
where in the millions (the hydraulic-magnetic delay element 
is hermetically-sealed, fatigue-free). 

The Type A (and the entire line of Heinemann time-delay 
relays) is described in full in our Bulletin 5003. A copy is 
yours for the asking. 


HEINEMANN ELECTRIC COMPANY 


101 BRUNSWICK PIKE <— TRENTON 2, NEW JERSEY 


SA-2466 
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+0.1 per cent. Pressure ranges are 
from 0 to 100 and 0 to 5000 psi abso- 
lute and gage. Operating temperature 
range is —320 to + 300 F; withstands 
shock to 1000 g. Over-pressure capabil- 
ity is ten times rated range. Bell & 
Howell Co., 360 Sierra Madre Villa, 
Pasadena, Calif. 
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SLIDE SWITCH 

Series of switches offers SPST opera- 
tion; for use on instruments and small 
appliances. Employs solid silver-alloy 


contacts, silver-plated rockers; en- 


closed in high-impact thermosetting 
plastic case. Electrical ratings vary 
from 3 amp at 25 volts a-c to 10 amp 
at 250 volts a-c. Circle F Mfg. Co.. 
Trenton 4, N. J. 
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DIAPHRAGM PRESSURE 
SWITCHES 


Line of switches offers adjustment from 
0 to 400 psi, accuracy of +0.5 per cent. 
Standard pressure connection is 14 in. 


female pipe fitting. Non-adjustable unit 
rated for 600 psi. Units housed in vapor- 
tight enclosures. Barksdale Valves, 5125 
Alcoa Ave., Los Angeles 58. 
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INSULATED THERMOSTAT 


Model BH thermostat makes possible 
minimum differential consistent with 
small size. Features bimetal actuated 
contact, has differential of less than 
1% deg C. Case is insulated by glass- 
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Essex Magnet Wires pro- 
duced for the hermetic 
motor industry are an ex- 


ample of the complete wire 


HERMETIC FILM COATED 


line developed specifically 
for your applications. There 
is a ‘right wire’ for you in 


the full Essex line. 


is job engineered for an express purpose 


' Formvar Urethane Urethane 
Class 1056 | Class 1050 | Glass 105C Glass 1086 
! | | 


TPT Formvar ag 
Fa) 


FORMETEX 


(Class A 105°C.) 


ACRYLEX 


(Class A 105°C.) 


HERMETIC 
FORMVAR 


(Class A 105°C.) 


(Class 220°C.) 


*E.1, duPont 


De Nemours 
& Co.— 


Type ML Resin 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


| MAGNET WIRE 
MART eN 
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| Nylon A Soderex | tara Soderon 
| } ] | Soderbond N 


A urethane modified Formvar wire developed for the hermetic motor 
industry. This construction offers improved chemical stability in R12 and 
R22 refrigerants, plus greater resistance to thermoplastic flow when com- 
pared to unmodified Formvar. This has been accomplished without sacrifice 
of the characteristics associated with the vinyl acetal wires. Available in 
round wire sizes AWG 12 thru 27 in single, heavy and triple builds and in 
shaped wire up to 100,000 square mil cross section. 


A magnet wire enameled: with DuPont Lecton. This chemically resistant 
film offers the hermetic motor manufacturer a low extractable rugged film 
coated wire accepted for usage in R12 and R22. Acrylex is available in 
sizes AWG 15 thru 30 in single and heavy builds. 


An unmodified Formvar wire with a proven performance record in her- 
metic motor applications where R12 is used. This service record, combined 
with the excellent properties of Formvar, promises a trouble free record 
when this wire is selected. Available in sizes AWG 12 thru 27 in single, 
heavy and triple films. 


Laboratory data predicts a promising future for Allex in 
hermetic systems. This thermally stable conductor offers 
unlimited potential with its unmatched chemical stability 
and thermal resistance. Available in sizes AWG 8 thru 46 
single and heavy films and in shaped wire up to 100,000 
square mil cross section. 


ESSEX WIRE CORPORATION 
Fort Wayne, Indiana 


National Network f Warehouses 
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Here's How Haveg Solved the Problem... 


“§ HAVELEX 


PRECISION MOLDED RIGID INORGANIC INSULATING MATERIAL 


seal solder terminals. Unit is factory 
calibrated and hermetically sealed. 
Chatham Controls Corp., 155 River Rd., 
Chatham, N. J. 


APPROXIMATE SIZE 
Eee Eee ae soee | 02 2 
1 INCH LONG, 
oe Eee Bek 

te ens 
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PHOTOCONDUCTIVE CELLS 


Photoconductive cells. Series CL 5-1, 
have sensitivity variation with color 
temperature of light sources that ap- 


This miniature switch base molded with Havelex, contains four different stainless steel js 
proximates human eye. Cell conduct- 


inserts with precious metal plating. Three inserts (which include #0-80 male threads) 
go all the way through the mold and provide precision mountings on both sides for 
assembly. The #0-80 female threaded insert is Solened to protrude from one face and 
is approached by a molded counterbore from the other. Mold is designed to accommo- 
date alternate terminal inserts when unthreaded models are required. 


Haveg engineers recommended Havelex for this particular molding because of 
its combination of properties. Completely inorganic, with metal inserts inte- 
grally molded in place. Precision tolerances with faithful reproduction from part 
to part. Heat resistance for continuous operation in excess of 700°F. 


Haveg engineers will be happy to work with you on your particular project— 
to help you “Keep ahead with Haveg.” Remember— Havelex offers all of these 
unique features: Dimensional Stability « 1000°F. Continuous Temperature Resist- 
ance ¢ Dielectric Strength « Mechanical Strength « Low Loss, Low Power Factor 
e Arc Resistance « No Moisture Absorption « integrally Molded Metal Inserts 
e Hermetically Sealed Inserts. 


Kesp Ahead wis 


ance measures light accurately over 
color-temperature range of 2700 to 6500 
K. Foot-candle meter, which incorpo- 


rates cell, requires no correction filter. 


TAUNTON DIVISION 
HAVEG INDUSTRIES, INC. 


336 Weir Street +» Taunton, Massachusetts 


HAVEG. 
oe, 
a Fits In Zapinceved PLastics 


Telephone VAndyke 4-4011 
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INCREASE YOUR STATOR PRODUCTION 


( 
i 


uo ie 2 POLE 3-PHASE s 
= F< CCHAIN WIND 


Model M6-180 
U. S. and Foreign Patents Pending 


@ Winds 1, 2, 3 and up to 8 poles 
simultaneously 

@ Winds 1 to 6 coils per pole 

® Wire sizes from No. 14 to No. 30 
Formvar, glass, enamel or cotton 
covered 

@ Will wind parallel wires such as 
two No. 20 in place of one No. 17 on 
a four pole motor winding a total 
of 8 No. 20 wires simultaneously 

@ Stack lengths up to 314” — longer 
lengths optional- 

®@ Variable speed up to 300 turns per 
minute 


FOR FURTHER INFORMATION OR ARRANGEMENTS FOR DEMONSTRATION WRITE: 


LINCOLN TOOL & MANUFACTURING CO., 


AUTOMATIC Stator Winder 


2 POLE RUN 
AND START WINDS 
These Stators Were Wound on a 
LINCOLN Stator Winder 


® Bore sizes 234” to 6” 

@ Completely automatic during wind- 
ing cycle 

@ Machine is mechanical and air 
operated 

@ Machines are proven in the field 
for four years 

ALSO: M500 SERIES AUTOMATIC 

STATOR WINDERS... . Small, Fast 

Machine for Small Fractional, 

Universal and Shaded Pole motors 

Automatic Combination Cell or Wedge 

Inserting Machine 

Standard of quality throughout the world 


1010 S. Sth St., Mi 5-4982 
MILWAUKEE 4, WISCONSIN 


184 Circle 203 on Inquiry Card 





Clairex Corp., 19 W. 26 St., New York 
10. 
Circle 535 on Inquiry Card 


UNI-DIRECTIONAL 
TAPE HANDLER 


Model 4544 tape handler accommodates 
500 feet of 5- to 8-level tape at speeds 
to 500 characters per sec. To load, tape 
is threaded through reader onto servo- 


controlled tape-up spool. For standard 
rack mounting, unit measures 10% x 
19 x 84 in. behind panel. Digitronics 
Corp., Albertson, L. L, N. Y. 


Circle 536 on Inquiry Card 
TRIGGERED SPARK GAPS 


Series of spark gaps eliminates limited 
high-voltage cutoff, complex triggering ; 
provides longer life. Model GP-11 has 
electrode-to-electrode cutoff voltage of 
1.8 kv; delay time is 0.35 usec. Model 
GP-14, hermetically sealed, has 10-kv 
trigger pulse voltage, 40-kv holdoff volt- 
age. Peak current is greater than 10,000 
amp. Edgerton, Germeshausen & Grier, 
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_ ENGINEERING NEWS-#4 


BASIC PRECISION SWITCHES 


 cHecken ZZ ENGR. fH CONTROL SWITCH DIVISION 


Meet Thousands of Application Needs 
with these Five Basic Switch Types 


STANDARD MODELS in a wide VARIATIONS—hundreds available ACTUATORS—toggle, push- 
range of dimensional and —designed and engineered to button, leaf, roller leaf, lever, 
characteristic designs—from the meet such specific require- roller lever, etc., available. 
tiny, powerful sub-subminiature ments as: Choose the Switch Series that meets your 
type to the large, general purpose basic applicati 

, J , L. listings reset for 2-cey Veit > app ication needs. Then tell us the 
type where size is not important.  U.L. listing y specific characteristics you want. Chances 


: : high temperatures high in-rush 
See each switch series for pe aeculary AN and MS are, we have a standard ready for your use. 


application suggestions and extra long life specifications We are fully equipped to make the switch 
brief specifications. high electrical ratings special terminals you need in any quantity. 


perfect for ideal for rugged, 
super-sensitive for compact, low-cost, 
uses... precision control uses... easy wiring uses... 


‘T SERIES E 4 series F~ SERIES 


SUB-SUBMINIATURE, SPDT, SUBMINIATURE, SPDT, 254,” x 4%" x 2%,” MINIATURE, SPDT, 134,” x '34,” x 54” 
y"xy” x” low movement differential and rugged, low-cost design. 
high current capacity in tiny case. operating force permit precision control convenient terminals simplify wiring. 
excellent shock and vibration resistance. in critical applications. solder, screw and spade terminals. 
solder terminals, others on request. solder; single, double and long double 150,000 ops. 10 amps @ 125/250 VAC, 
25,000 ops. min per MIL-S-6743. turret terminals. 28 VDC Res. 
7.5 amps @ 125/250 VAC, 60 cycles 150,000 ops. @ 125/250 VAC, 2.5 amps. 
Ind. & Res. 


SEYSUMS UOIS|De/d T1SPG--SMAN ONIMSASANIONSA 


for general purpose, 
good for high in-rush 
power and 
circuits, repeatability uses... 


precision control 
uses... S series S2B series 


SPDT, 115(/,” x "4" x 5%,” 
2-CIRCUIT, SPDT double break, 14%” x 4%” x 4” tough, durable, compact. 
combines high capacity, moderate size, handles high in-rush loads easily. 
long life and precision control. repeats to 10,000,000 cycles min. 
tested to 10,000,000 operations. screw terminals. 
end and side solder, screw and spade terminals. 20 amps, 125/250/480 VAC, ULL. rated. 
750,000 ops. @ 125 VAC, 10 amps., ULL. rated. Y, amp, 125 VDC; 4% amp, 250 VDC. 


For more details on 
these basic precision 


switch types write CONTROLS COMPANY OF AMERICA 
for catalog No. 110. CONTROL SWITCH DIVISION 


4238 W. Lake St., Chicago 24, Ill . Telephone: Van Buren 6-3100 . TWX CG-1400 


Manufacturers of a full line of switches, controls and indicators for all military and commercial applications. 
All standard units stocked for immediate delivery by leading electronic parts Distributors. 


All switches shown actual size. Circle 204 on Inquiry Card 





Tle rom 


BANTAM SPEED CHANGERS 


RATIOS: 646 from 1:1 to 85184:1 
HORSEPOWER: 0.1 maximum 

TORQUE: 130 oz-in 

SPEED: 10,000 RPM maximum 
BACKLASH: 15’ maximum (Series 11) 
WEIGHT: 16 to 45 oz depending upon ratio 
BEARINGS: double, heavy-duty ball 
DELIVERY: 10 days 


A PART OR A PACKAGE 


Bantam speed changers are only one product in Metron’s com- 
plete line of small speed changing components. Call on our egni- 
neers for design help with your speed changing or control problems. 
Tell us what results you’re after—what your inputs and loads are. 
We'll come up with an output package to do the job efficiently and 
economically. Send your prints today! 


METRON INSTRUMENT CO. 
5302 So. Delaware, Littleton, Colo, PY 82537 DDD: 303 TWX: DN 194 
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If Its Quick Handling of Circuit Groups You Want... 


Buchanan has it. . . . Circuit groups build any length block. Common wires 
are wired to Buchanan Fanning Strips —equal to 1 #22 thru 1 #8—can be 
made especially for Buchanan sec- grouped under a single tubular contact. 
tional MD pres-SURE-blocks. You con- That saves space, minimizes jumper- 
nect and disconnect from 2 to 24 cir- ing, eliminates lugging. Write now for 
cuits without handling individual wires Bulletin M-8 

and the possibility of wiring errors. ww 
There’s no end to the versatility of MD Tubular contacts listed by UL. 
blocks. Just 2 different snap-fit parts Blocks listed for 600 v. by CSA. &® @ 


U. S. Pat. No. 2,922,139 Booth 421, WESCON Show 


BUCHANAN ELECTRICAL 

es 1 [ 4 A i A n PRODUCTS CORPORATION 
©) HILLSIDE, NEW JERSEY 

In Canada: ESNA CANADA LIMITED, Toronto 16 
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“~ 
> 
Inc., 160 Brookline Ave., Boston 15, 
Mass. 
Circle 537 on Inquiry Card 


BATTERY SUBSTITUTE 


Model BS(TC)-2 substitutes for wet 
and dry cells for use with laboratory- 
type potentiometers. Operates from line 
voltage, delivers constant d-c voltage to 


measuring-circuit bridge. Voltage sta- 
bility is +0.01 per cent for line-volt- 
age variations of +10 per cent. Tem- 
perature stability is 0.01 per cent per 
deg C. Dynage, Inc., 75 Laurel St., 
Hartford, Conn. 

Circle 538 on Inquiry Card 


DPDT SWITCH 


Snap-action switch, model 6BR Switch- 
lite, combines two switching functions 
with independent logically related lamp 
operation. Rated for 28 volts d-c, 7 


amp resistive; life is 25,000 cycles. 
Lamps for unit are 2-pin plug-in, with 
operating voltages from 5 to 28 volts 
d-c. Eldema Corp., 1805 Belcroft, El 
Monte, Calif. 
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ADJUSTABLE POT CORES 


Adjustable cores are for filtering ap- 
plications with frequencies to 3 me. 
(Continued on page 188) 
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New Transistor Applications 


Looking for closer gain-matching? 


HONEYWELL 
TETRODE 3N52 


If you are looking for closer gain-matching in your push-pull com- 
plementary Symmetry circuits, you will find the answer in these 
Honeywell Power Tetrodes. 


THE PROBLEM THE ANSWER 


= POWER TRANSISTORS ae” nd TWO-BASE PNP TETRODE 

sue, suse, 24st, sas2 | ER CURRENT GAIN HIGH AVERAGE AVERAGE 
TRANSCONDUCTANCE | HIGH AVERAGE AVERAGE* 

Power Tetrodes: 

single-ended, cold welded i” AVERAGE LOW 


package mechanically 


interchangeable 
with TO-36 case. 


h *Because of its controllable gain feature, 
the Honeywell Power Tetrode is capable 
of closely matching the current gain, the 
transconductance, and the leakage of 
either silicon or germanium NPN tran- 
SILICON . t d in tk h 
sistors when used in the push-pull com- 
UNDER CIRCUIT SHOWN ABOVE plementary Symmetry circuit shown above. 
' 


TETRODE 


MAY WE HELP YOU? 
) Please send me your Application Data on Power Tetrodes. 


Hone ‘ well : () I have an application problem with Power Transistors. I would 


. welcome the assistance of your field engineer and Applications Lab. 
° e . 
wut WE Coittel . NAME—____ pe diet ees 
SINCE 1885 : ADDRESS m ; eileen ligieciicandl taistacg ee 


COMPANY — Un te Fae Saiomed ST lais 
Sales and Service offices in all ee. Cee to's a Spare 


principal cities of the world. Send coupon to Honeywell, Dept. EO-8-120, Minneapolis 8, Minn, 
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ACTUAL SIZE 


THESE “WIRE-WOUNDS” ARE 
CIRCUIT SHRINKERS.... . newy 


expanded line lets AXIOHM® power resistors go into smaller circuits! 


Ward Leonard AXIOHM power resistors 
are now available in seven sizes—down 
to 2 watts, up to 12.5. 

They’re ideal for miniaturization in 
printed-circuits, industrial instrumen- 
tation and automation circuitry. But 
they’re recommended for any electrical 
or electronic application where the high- 
est stability and maximum overload ca- 
pacity are required. 

The seven AXIOHM sizes come in a 


*Less leads. 


complete range of resistance values (see 
table) from 0.1 to as high as 75,000 
ohms. Naturally, they feature the qual- 
ities Ward Leonard has made famous in 
power resistors: 

Vitrohm vitreous enamel; Ward 
Leonard’s specially made ceramic core; 
specially selected and matched resist- 
ance wire; and strong, permanent, low- 
resistance, spot-welded, lead-to-end-cap 
junctions. °.9 


Get complete details in Supplement C to Catalog 15. Write for your copy and a 
list of stocking distributors today. Ward Leonard Electric Co., 34 South Street, 
Mount Vernon, New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) 


RESULT-ENGINEERED CONTROLS SINCE 


1892 


WARD LEONARD 
ELECTRIC CO." 


gos 


RESISTORS « RHEOSTATS « RELAYS e CONTROLS * DIMMERS 


See us at Booth 509 at the Wescon Show 
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Assembly has adjustment range of +7 
per cent of mean value of permeability. 
Adjustment can be effected to achieve 
accuracy of better than 0.02 per cent; 
self-locking adjuster is built into core. 
In 5 sizes with any of three standard 
effective permeabilities. Ferroxcube 
Corp. of America, Saugerties, N. Y. 
Circle 540 on Inquiry Card 


X-BAND ISOLATORS 

Series of available in 
lengths of 1. 144, and 1% in.; is 
specified in 600 me or 1.1 kme band- 
width increments. Over 500-mc_ band. 


isolators is 


the max forward and reverse VSWR is 
1.10. Isolation/insertion loss ratios at 
midband are 100:1. Units maintain 
specified characteristics over temper- 
ature range of —40 to +85 C. E & M 
Laboratories, 15145 Califa St.. Van 
Nuys. Calif. 
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TRANSCEIVING TRANSDUCER 


Model TR-7 ultrasonic 40-ke transducer 
is for command signaling, proximity 
detectors and ultrasonic probes. Re- 
ceiving sensitivity is 2 mv per «bar. 


With tuning choke, bandwidth is 4 ke; 
delivers sound pressure at 25 db above 
1 wbar with 25-mw excitation. Massa 
Div.. Cohu Electronics, Inc., 280 
Lincoln St., Hingham, Mass. 
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CONTACTORS AND STARTERS 


Panel controls in NEMA Sizes 3 and 
4 offer reduction in panel space re- 
quirements to 25 per cent in height 
dimensions. Bimetallic overload relays 
on both sizes are trip-free, preventing 
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For every <—1" 
here’s how to save 5 cents 


It actually happened. 

A major manufacturer* was pre- 
pared to spend ten cents per inch 
for the bus used in his low-voltage 
switchgear. 

He didn’t. 

Instead he changed his “‘specs”’— 
from copper to Alcoa® aluminum— 
and saved five cents on each inch, 
with no sacrifice in the quality of 
his product. 


AUGUST 1961 


This piece could save 


Can you? The actual savings will 
depend on size. Whatever your cur- 
rent carrying requirements may be, 
this holds true: To do the same job 
with aluminum costs only half as 
much as with copper. 

How about forming? You can bend 
aluminum bus flatwise 90°, or edge- 
wise. Drilling, punching and joining 
present no problems. 

How about bracing? NO. 2 EC 
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you 30¢ 


AKAMA A NY Aa IRIE 


‘of this bus you use, 


alloy in the T6 or T62 tempers has 
approximately the same yield 
strength as copper. Consequently, 
the same bracing as for copper can 
be used. 

To find out how much you can 
save, contact any Alcoa-Rome rep- 
resentative. Or write to Rome Cable 
Division of Alcoa, Dept. 24-81, 
Rome, New York. 


“Name furnished on request. 


ALCOA 


ROME CABLE 


or Vv tS t+ Oo HR 








WISCONSIN 


/PORCELAIN HE 


HAS THE CAPACITY... 


to assure you on time delivery of ceramics 


in any quantity! 


A few hundred ceramic parts or several 
million—it makes no difference— 
Wisconsin Porcelain will deliver your 
order on time. And each component 

ill meet your exact specifications for 
toughness, accuracy and uniformity. 

To do this takes plant capacity, 
engineering capacity and work capacity. 
You'll find all three at Wisconsin 
Porcelain. 


Our completely modern plant, with 
many types of kilns, operates 24 hours 


based on over 40 years’ experience, is 

yours for the asking to help you select 

rcelain, refractory, steatite or filter 
ies suited to your needs. 

TELL US YOUR REQUIRE- 
MENTS. We will work with you, make 
material and design recommendations 
to solve your ceramic parts problem. 

Serving the Electrical and Electronic 

Industries since 1919. 


WISCONSIN PORCELAIN CO. 
115 Market Street . Sun Prairie, Wisconsir 


a day, 7 days a week, 52 weeks a year. 
“xpert engineering assistance, solidly In the Chicago Industrial Area. 
Circle 210 on Inquiry Card 


.. HIGH VOLTAGE TESTING 
of CABLES, MOTORS, GENERATORS 
and All Electrical Equipment 


Mobile D-C HYPOT* 


Rugged . . Mobile . . for Production, 
Installation and Maintenance Testing 


Ovtput . . 120 kv models provide up to 5000 microamperes 
d-c. 75 and 45 kv models offer up to 10 ma, d-c. 


11Sv A-C Line . . Input through three-conductor power cord 
with stenderd two prong plug and grounding clip. 


Self-Contained, Fully Portable ... Single mobile housing with 
rubber tired wheels and push handle contains metering cir- 
cvitry end high voltage supply (oil immersed above 45 kv). 


Safe, Simple Operation . . Direct reading of insulation leak- 
age current. Fully interlocked, cabinet grounded, output cable 
shielded . . to protect operator and equipment. 


Write for Manual J-67 
“Methods for Insulation Testing 
- » Engineering . . Production 
. . Maintenance 


-- for Every Application 


Heavy Duty HYPOTS® — Bench Type HYPOTS®* 
AC or D-C, to 150 kv. A-C te 35 kv, 2 kwe 
DC te 45 kv, 25 ma 

Portable HYPOTS® 


A to 10 kv, 230 ve 
DC to 5 kv, 2 me 


Mobile HYPOTS* 
AC te 30 kv, 10 kve 
D-C te 120 kv, 10 me 


4—35 .7 


Ae eer Beste eae aa ene 
. ° ry PAPEL) P4C2L IC 


3794 W. Belmont Ave., Chicage 18, Hlinois 
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contacts from being held closed during 
overload. Size 3 devices (illustrated) 
are rated for control to 50 hp, 600 volts; 
Size 4 up to 100 hp, 600 volts. General 
Electric Co., Schenectady 5, N. Y. 
Circle 543 on Inquiry Card 


TUNING-FORK OSCILLATOR 


Series K3MP oscillator features self- 
contained silicon-transistor drive circuit 
within plug-in unit. Any frequency can 
be furnished from 240 to 2400 cps. Fre- 


quency accuracy is 0.3 per cent from 


—55 to +125 C. Input voltage is from 
12 to 32 volts d-c. Output is 2 volts rms 
min into 5-k-ohm load or greater. 
Hermetically sealed housing measures 
1546 in. sq by 214 in. high. Fork Stand- 
ards, Inc., 1915 Harlem Ave., Chicago 
35. 

Circle 544 on Inquiry Card 


DEPOSITED-CARBON 
RESISTORS 


Resistors are offered in five types with 
power ratings ranging from 14 to 8 
watts. Type L, with coaxial leads, of- 
fers resistance values from 5 ohms to 


2 megohms. Type V, subminiature, is 
rated to dissipate from 0.06 to 0.1 watt; 
resistances range from 5 ohms to 200 
k ohms. Fi-Ohm Co., 360 No. Michigan 
Ave., Chicago 1. 

Circle 545 on Inquiry Card 


DIGITAL CIRCUIT MODULE 


DM 200 flip-flop is a 200-kc digital 
device with operating temperature 
range of —60 to +71 C. Combination 
of two five-input AND gates plus tran- 
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i 200 WATT 
LIGHT BULB / 
Pelee: VL $0 


tronic Products Ml 


by CARBORUNDUM® 


New Dummy Antenna Load offered 
to ham operators 


This new coaxial antenna impedance 
simulator HL-CC-1 was developed by 
Carborundum for use with ham radio 
equipment. 

Specifications are: Short time power 
rating 250 watts (up to 5 min.); continu- 
ous rating 150 watts; V.S.W.R. 0-30 
megacycles, 1.5 maximum. 


With design changes, similar loads can 
be supplied for operation anywhere in 
the frequency range up to 1 kilo mega- 
cycle and for dissipating up to 1 Kw 
continuously. 


Resistive component of the load is one 
of Carborundum’s high temperature non- 
inductive resistors. It is furnished with 
coaxial terminations. 


Available from electronic distributors, 
these ham antenna loads prevent radia- 
tion and interference while tuning, test- 
ing and making measurements. 


For more information on Carborundum’s 
dummy loads for other applications, 
write to Dept. ET-81, Globar Plant, Re- 
fractories Div., Carborundum Co., Niag- 


ara Falls, N. Y. 
Circle 212 on Inquiry Card 


High Purity Crushable 


Ceramic Preforms 
meet Govt. Specs. 


7 


Crushable ceramic preforms for preci- 
sion swaged thermocouples for atomic 
energy and turbine engine applications 
are available from Carborundum. 
The following materials exceed the 
requirements of A.E.C. Specification 
SPC-SR-101-(ORO), Oak Ridge National 
Laboratories Specification ORNL Spec. 
7444-1 and Knolls Atomic Power Labo- 
ratories ORPM 7-1. 
1. High Purity Magnesium Oxide—Type 
0333, certified purity 99.4°/o min.MgOQ 
A1,0, and less than 2 ppm boron. 
2. High Purity Fused Aluminum Oxide, 
Type 1513, certified purity 99.6°/o min. 
Al,0, and less than 2 ppm boron. 
3. Stabilized Zirconium Oxide—Ty pe 
0956, certified purity 91.9%/o min. and 
less than 10 ppm boron. 
Standard sizes are from .022 O.D. with 
holes from .005. Standard preforms are 
offered for 1, 2 and 4 hole applications. 
Others are available on request. 
For Technical Data Sheet and other 
information contact Dept. ET-81, La- 
trobe Plant, Refractories Div., Carborun- 
dum Co., Latrobe, Pa. * 
Circle 213 on Inquiry. Card 


Carborundum insulators make possible 
5-yr. guarantee for Electronic Air Cleaner 


Key to the operation of an electronic air 
cleaner made by The Electro-Air Cleaner 
Co., McKees Rocks, Pa., is the ionizing 
collecting cell shown here. 


Insulators supporting the electrically 
charged plates are exposed to extreme 
conditions of dirt and moisture, yet must 
prevent high voltage leakage. The search 
for a.suitable material ended with Car- 
borundum's steatite insulators. Operation 


is so successful that The Electro-Air 
Cleaner Co. is able to guarantee its prod- 
uct for a full five years. 


Ceramic insulating materials and parts, 
including metallized ceramics and ceram- 
ic-to-metal assemblies, are specialties of 
Carborundum's Latrobe Plant. For more 
information, write Dept. ET-81, Refrac- 
tories Division, Carborundum Company, 
Latrobe, Pa. 





THE FIRST AND FINEST IN 

CONVERSION COATINGS FOR 

BRASS, ZINC, CADMIUM, 
COPPER, ALUMINUM 


The Chemical Corporation offers a com- 
plete line of uniform-controlled chromate 
conversion coatings that provide maxi- 
mum protection in one, low-cost, simple 
operation. Available for immediate de- 
livery as liquids or powders. 


always specihy lustir-on 


FOR BRILLIANT CORROSION-RESISTANT FIN- 
ISHES . . . rivaling chrome for many appli- 
cations where cost is a factor. Long-last- 
ing, easily controlled application. 


FOR CLEAR, BRIGHT and IRIDESCENT COAT- 
INGS . . . gives striking, attractive appear- 
ance with complete corrosion-protection 
. .. even when humidity and handling are 
involved during processing. Also yellow 
iridescent and olive drab for concealed 
parts or as a paint bond. 


FOR DECORATIVE COLOR . . . on low-cost 
zinc. Brilliant golds, yellows, blues, 
greens, violets, reds, brass and copper 
hues. 


FOR ALUMINUM . . . replacing costly ano- 
dizing where surface hardness is not of 
prime importance. Excellent finish for 
paint bonding. Save 25% or more with 
Luster-on complete package treatment: 
cleaners, de-oxidizer, sealer, 


FOR LASTING BRIGHTNESS . . . on both 


copper and brass without noxious fuming. 


FOR DIE-CASTINGS . . . one quick dip pro- 
vides uniform finish, ideal as a base for 
painting. 


+ We'd like to show you what Luster-on can 
offer you! Send in sample part today for 
free processing. Data sheets on request. 


BLAKODIZE* . . . chemical black treatment 
for steel, provides lustrous, rich, black 
finish with good degree of penetration and 
rust resistance. 

*T.M. Reg. 


The 


emica 


Corporation 


63 Waltham Avenve © Springfield, Moss. 
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sient coupling allows circuit to fune- 


| tion as shift-register stage, counting 


| ELECTRIC HEATING 
| ELEMENTS 


| Heating elements fabricated of steel, 


| stage or static-storage circuit. Circuit 


encapsulated in filled epoxy resin. 
Meets environmental requirements of 
MIL-E-5272D. Delco Radio Div., Gen- 
eral Motors Corp., 700 E. Firmin, 
Kokomo, Ind. 
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PROXIMITY 
LATCHING SWITCH 


Limit switch has SPDT contacts rated 


at 1250 watts, 120, 240, and 480 volts | 
a-c. Unit performs latching and main- | 
Operating | 


tained contact function. 


temperature range is —50 to +250 F. 


Hermetically sealed in 1144 x 1% x 4%- | 


in. brass housing, mounts in any posi- 
tion. General Equipment Mfg Co., 
116 S. Campbell St., Louisville 6, Ky. 
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_FRACTIONAL-HP MOTOR 


Model AR motors are 4% in. diam 
and are said to have higher starting 
and running torques than conventional 


shaded-pole motors. Units contain six 
| poles and are available from %40 to 14 


hp. Redmond Co., Inc., Owosso, Mich. 
Circle 548 on Inquiry Card 


copper, inconel or incoloy are available 
in variety of sizes and shapes. Line in- 


GREAT HISTORICAL LEAKS 


A HEXSEAL’ 


HEXSEALS are modular external seals. 
They fit onto switches, potentiometers, 
circuit breakers and lighted push- 
buttons. 


We also make: 


e SEELSKREWS" 
e SEELBOLTS* 
e SEELRIVITS® 
e SEELTHREDS® 


APM PRODUCTS MEET 
ALL APPLICABLE MIL SPECS. 


Our list of modular seals is just too long 
for this ad. Let us send you our Catalog 
No. 359B. 

Write or call: 


MISS RIVA SOLINS 


SELF- 
SEALING 
HARDWARE 


*Trade Mark 


© A.P.M. corp. 


41 Honeck Street, Englewood, N. J. 
LOwell 9-5700 


RAE RR SANE ITM AIARE 
VISIT OUR BOOTH 2614 AT THE WESCON SHOW 
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special application 





if special application FHP motors are on your mind... 
write for RaM’s new Bulletin 445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 


You may select from four frame 

sizes, sixteen ratings from 1/100 

through 1/3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 


types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 


Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of 
R&M’s new bulletin 445-ET. 
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ROBBINS & MYERS, INC., Springtieid, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog industrial Pumps 
Propellair, Industrial Fans * R & M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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WHAT 
DEPENDABLE 
SLIDE SWITCHES 


CAN DO FOR YOUR PRODUCTS 


ADD COLOR—Trigger knobs in 10 attractive 
colors add decorative and functional touches 
to switching operations. 


CUT costs—Low in initial cost, Stackpole Slide 
' Switches often reduce costs up to 50% over 
other type switches. 


SAVE SPACE—Stackpole Slide Switches take less 
panel area, often less depth than conven- 
tional switches. 


SIMPLIFY PRODUCTION—Choice of solder lug or 
printed wiring terminals, clearance or 
tapped-extrusion mounting holes. 


HANDLE HIGHER LOADS—0.5- to 1-amp types for 
electronic equipment. 1-, 3-, and 6-amp 
types for appliances and power tools. 


SWITCH COMPLEX CIRCUITS—1- to 3-poles, 2- to 
4-positions for real switching versatility. 


FACILITATE OPERATION — Trend-setting slide 
action available with or without detents and 
spring returns. Plunger-operated and match- 
ing pushbutton styles also available. 


Write for Slide Switch Bulletin 


STACKPOLE 


f 
ELECTRONIC COMPOWWENTS DIVISION 


STACKPOLE CARBON COMPANY, St. Marys, Pennsylvania 
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cludes standardized elements in sizes to 
0.750 in. Flanges and heads are to ASA 
standards or customer specifications. 
General Fittings Co., E. Greenwich, 
R. I. 
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UNIVERSAL BLOWER 


Vaneaxial blower “VAX-3-GN” oper- 
ates on 115 volts, 60 cps or 115 volts 
d-c, delivering 69 cfm of air at 1.5-in. 


(/ 


static pressure. Weight, 1 lb. Dimen- 
sions, 3 in. diam x 314 in. long. Mount- 
ing is made by clamping to servo rim 
at either end of the blower. Unit de- 
signed to meet pertinent MIL specifica- 
tions. Globe Industries, Inc., 1784 Stan- 
ley Ave., Dayton 4, Ohio. 
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D-C POWER SUPPLY 


Miniature supply has output of 30 kv 
d-c at 1 ma. Housing measures 5.9 x 
4.6 x 8 in. high. Output voltage 1s con- 

« 

+ 

yr 

Spey 

ere 


tinuously variable by adjustment of 
a-c input voltage. Ripple is less than 
1 per cent at rated output. Terminals 
insulated from ground to provide posi- 
tive or negative polarity. Unit is herme- 


ELECTRO-TECHNOLOGY 
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from Magnetic Metals... 


THERMALLY STABLE TRANSFORMER LAMINATIONS 


If you’re designing a transformer or reactor that 
must maintain constant inductance under the 
blazing desert sun or in the sub-zero cold of 
the Arctic or outer space, you need our thermally 
stable Supermu ‘30’ laminations. They’re the 
only temperature-stabilized laminations avail- 
able anywhere. 

Special composition and the ultimate in anneal- 
ing control stabilize over a wide temperature 
range the permeability of thermally stableSupermu 
“30”? laminations. Meticulous care in stamping 
eliminates burrs and preserves absolute flatness. 


MAGNETIC METALS COMPANY 
Hayes Avenue at 21st Street, Camden 1, N.J. 
853 Production Place, Newport Beach, California 


With performance characteristics effectively sta- 
bilized, thermally stable Supermu “30” offers the 
only available solution to thermal design prob- 
lems, and is also of particular value where you 
want to miniaturize components. 

Laminations of thermally stable Supermu “30” 
are made in all standard sizes and thicknesses. 
Count on two-week delivery. Custom designs are 
available on special order. Our engineers are ready 
and well qualified to help you make the most of 
this exceptional lamination material. Write or 
call today. 


See us at the Wescon Show—Booth 4413 


® 


transformer laminations * motor laminations + tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 
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Get in touch with 


INTERLOCK 


HERMETIC SEALING 


RELAYS «+ 


(Somar 


Simplify your relay problems. . . avoid 
costly delays... put your relay requirements 
in the hands of trained, competent 
engineers at Comar. A variety of standard 
basic designs are available at Comar which 
can be modified to give you any desired 
combination of coils, switch arrangements, 
contact materials, insulation and 

mounting. This can save you time and 
money. Whatever your requirements may 
be, Comar can provide you with relays 
custom-matched to your product. Send 
details and get our recommendations 
quickly . .. without obligation. Write today. 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


* COILS + SWITCHES + HERMETIC SEALING 
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tically sealed, oil filled. Film Capacitors, 
Inc., 3400 Park Ave., New York City. 
Circle 551 on Inquiry Card 


RACK CHASSIS SLIDE 


The “4300 Kompact” slide will support 
loads up to 75 lb per pair. Requires 
14 in. horizontal side space and less 


than 2 in. vertical side space. Can be 
made to lock in fully-extended position. 
Available with screw-type quick-dis- 
connect mechanism. Grant Pulley & 
Hardware Corp., High St., West Nyack, 
N. x. 
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CONTINUOUS-DUTY MOTOR 
Model 1300, 200-volt, 400-cps, three- 


phase unit, can operate continuously 
at 4 hp at 3750 rpm or intermittently 


at 2.5 hp at 3680 rpm. Weight, 13.2 lb 
with blower shroud and compressor 
mount. Size, 7.13 in. long x 8.12 in. high 
x 6.19 in. wide. Adaptable to aircraft, 
missile and ordnance applications. 
Hoover Electric Co., Hangar Two, Port 
Columbus, Columbus 19, Ohio. 
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HEAT-STABLE LAMINATE 


Grade TSA flat sheet stock of glass- 
fiber reinforced polyester laminates, 
Class B electrical insulation, meets or 
exceeds NEMA GPO-1 specifications. 
Retains 100 per cent impact strength 


after heat aging at 250 C. Perpendicu- 
lar electric strength retention, 75 per 
cent after 200 hr at 150 C. Stock can 
be punched or sheared cold without 
delamination, cracking or hole break- 
out. Available in thicknesses of 4% to 


52 in. in sheet sizes 36 x 72 in. and 
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Model 330% Auton 
Automatic high 
speed calibration and 
frequency response re- 
cording... performed in far 
less time than is possible with 
other techniques...and, with the 
dependability, repeatability and 
precision of a Bruel & Kjaer System. 
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VERSATILE . . . complete, integratedresponse recording 
systems covering 2-2,000 c/s; 20-20,000 es; 200-200,000 
c/s. One writing table for strip or polar #@88rding. 


FAST . . . AUTOMATIC PROGRAMING or remote control 
minimizes Operator | attention. Response recording can be 


made in 15 seconds. 


‘F . . . CONSTANT LEVEL testing signal, an exclusive 


Bak feature, is obtained by servo regulation of the output. 


AUTOMATIC. . . continuous frequency scanning or single 
chart operation and reset. 


FULL . . . 4-INCH CHART with frequency preprinted scale. 
Recorder features clean and reliable multi-colored inking 
with disposable cartridges. 


B+ KH INSTRUMENTS. INC 


Srvuel & K 


3022 WEST 106th STREET ¢ CLEVELAND 11, OHIO ¢ CLearwater 1-8430 
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FAST ECONOMICAL 
SERVICE ON | \\\ y 
produc’ 


8 eet Consult — 


threading, heat-treating and electro- 

plating are available for small or 

large volume. Simple or intricate, prototypes 
flanged or tapered designs from .020” 
to 1.00” diameters. Send drawings and sample 
and specifications for quotations. quantities 


Our modern plant and facilities for @ 
turning, grinding, milling, drilling, 
oO 


INSTRUMENT SPECIALTIES 
PROCESSED” co ® inc Pare 


254 Bergen Boulevard a 
Little Falis, New Jersey 
Telephone: CLifford 6-3500 





Lomeli ecole r i hy 
variable ranges: 
0-32 VDC up to 4A 
0-16 VDC up to 8A 
fol meee l ETE iey 
and critical electronic work 


. 
Better regulation...Low cost 
... Just what you asked for—AND MORE! 


This new Model “EFB”, guaranteed for 1 year, 
is even more efficient than the previous one which 
sO Many users said was tops in its price class. 


REGULATION ...4 times better at the 32 volt 


New Model “EFBR” | range and 2 times better at the 16 volt range. 
fits Western Electric 


ont ae cates 20 RIPPLE ... less than 0.1% RMS. 
oxty $520 ost. Model “EFB”’ . . . only $130 net. 


ho Write for new Catalog PS-561 giving all details. 
1936-196) 


mes 
~'s; ELecTRO PRODUCTS LABORATORIES, 4501-M Ravenswood, Chicago 40 
Canada: Atlas Radio, Ltd., Toronto 
Proximity Switches * Magnetic Pickups « Sethoneers * DC Power Supplies 
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24 x 36 in. Extra-heavy stock 34 to 2 in. 
thick available. The Glastic Corp., 
4321 Glenridge Rd., Cleveland 21, Ohio. 
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ADJUSTABLE POWER 
RESISTOR 


Model “OX Powertrim” has a nominal 
power rating of 10 watts in still air 
at 25 C and 20 watts with forced-air 
cooling. Available with resistances 


from 25 to 10,000 ohms. Life ranges 
from 2000 hr at 250 C to indefinite 
at 150 C. Operating temperature range, 
—70 to +200 C. Electric strength, 
1500 volts d-c. Resolution 0.7 to 0.07 
per cent, depending on resistance. Size, 
2.30 x 0.77 x 0.36 in. Invar Electronics 
Corp., 1723 Cloverfield Blvd., Santa 
Monica, Calif. 
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FIFTH-OVERTONE 
5-MC CRYSTAL 


“Glasline” Unit JKG6AS will undergo 
less than 1 X 10° frequency change 
under vibration of 10 to 200 cps at 
10 g. Will withstand shock of 100 g 


when tested per MIL-STD-202A, Meth- 
od 202A. Aging characteristic of 1 X 
0-°/day. Available from 4.966 through 
6.133-me range. James Knights Co., 
Sandwich, III. 

Circle 556 on Inquiry Card 


VOLTAGE-CONTROLLED 
ATTENUATORS 


Model VCA units offer a continuously 
remotely-variable means of adjusting 
gain level at intermediate frequencies. 
Provide compact, reliable insertion at- 
tenuator suitable for use in coaxial 
systems where existing methods are 
inadequate in range or cause unde- 
sirable tuning effects. Standard 50- 
ohm models cover 30 or 60 mc; have 
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Chart new paths in printed circuits with Panelyte’ 


As new uses for printed circuits are developed, and 
new, more demanding designs are specified—count on 
Panelyte Copper-Clad Laminates for consistently su- 
perior quality. 

At present, you can choose from a wide range of prop- 
erties in four different grades. But St. Regis® Panelyte 
is working to perfect structural qualities which will 
meet your future needs, as well. 


Whether you’re looking for better machinability and 
adhesion, superior chemical resistance, closer thermal 
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tolerances or any special combination of characteristics, 
bring your copper-clad laminate specifications to 
Panelyte. We can supply Panelyte in the following 
grades: Paper Phenolic Base—XP, XXP, XXXP; Glass 
Melamine—G5; Glass Silicone—G7; Glass Epoxy—G10, 
G11. For complete infor- 

mation and the address of 


St.Re 


gis 
PANELYTE 


your nearest Panelyte dis- 
tributor, write Dept. ET- 
861, St. Regis Paper Co., 
150 E. 42nd St., N.Y., N.Y. 
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l-db, 30-mc bandwidth; minimum in- 
sertion loss of 1 db and maximum at- 
tenuation range of 50 db. LEL, Inc., 
75 Akron St., Copiague, N. Y. 
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SILICON-DIODE 

CONTACT PROTECTORS 

Types ASG3 to ASG30, series of eight 
sub-miniature mesa diffused-junction 


units, provide working voltage range 
from 30 to 300 volts, with maximum 





Size 5 Servomotor 
Model 9005-1502-0 


00°002$ 


Size 5 Servomotor 
Damping Generator 
Model 9005-1102-0 


00°008$ 


Size 8 Servomotor 
Model $008-1501-0 


AG'9T/$E 


Size 8 Servomotor 
Mode! 9008-1502-0 


00'08$ 
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Size 8 Velocity 

Damp Servomotor ” " _ 

Model 9008-1301-0 coil current rating of 1.25 amp at 70 C 
ambient temp. Operating temperature 
range, —55 to +165 C. Size, 0.265 in. 
long x 0.110 in. diam. International 


Size 6 Servemeter Rectifier Corp., 1521 E. Grand Ave., 
Damping Generator 


, El Segundo, Calif. 
Model 9008-1101-0 5 , 
, Circle 558 on Inquiry Card 


DPDT SNAP-ACTION RELAY 


pened ina aoa rr Model SS120 relays are each rated at 
cainnane 10-amp, 120 volts a-c, 5-amp, 240 volts 
a-c; and % hp at 120 or 240 volts a-c. 
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Size 11 Servomotor 
Model 9011-1501-0 


Size 11 Velocity 
Damp Servomotor 
Model 9011-1301-0 


Unit measures 2%6 long x 1% x ™e 
in. Has standard eight-pin octal plug. 
Warco Industries, Inc., 569 Melville. 
St. Louis 30. 


Size 11 Servomotor 
Damping Generator 
Model 9011-1101-0 


‘ 
4 


00 ogt$ 
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PRINTED-CIRCUIT 
CONNECTOR 
“Fuz-Lok” connectors sustain prolonged 


vibration of over 40 g from 5 to 2000 
cps without circuit discontinuity. Tem- 


Size 11 Servomotor 
Damping Generator 
Model 9011-1102-0 
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dreams up a gear train 


The Amplexologist designed this gear train 
(plus ten other parts) especially for powder 
metal production—at the request: of a 
manufacturer who called him in at the 
design stage. All (except the helical gear) 
are finished precision parts which require 
only shaving. Estimated savings; 86%. 
Sound interesting? Call the Amplexologist. 


AMPLEX 


DIVISION 

CHRYSLER 
CORPORATION 

DETROIT 31, MICHIGAN 


SEND FOR THE SECRET 
OF THE 
cn en are e SUCCESS 


ENGINEERING MANUAL 
45 pages of technical information: How 
to determine correct applications for 


2 


NEW BEARING STOCK LIST 
20 pages. 1066 standard sizes of Oilite self- 
lubricating bearings— bearing material. 


powder metal parts, bearings, filters. Selection guide, engineering data. 
Risk TBR Ba ene ngs ea eae 3 me x ERATOR: RR Geers 


on ee a = aa? 
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MINIATURIZED! 
LIGHTWEIGAT! 


O08G006 


DATA 
READOUT 


Readouts that do more than display numbers 


GEARMOTORS 


GS SASIC SIZES 


®@ Speed up to 200 RPM 
© Power up to 40 in. Ib. 
@ Open or enclosed case 


@ Continuous or 
intermittent 


®@ Machine cut gears 
@ Finish ground shafts 


® Special features 
available 


® Millions in use 

® Prompt delivery 

®@ Samples at once 

© Ask for our literature 


we 


Motoreseareh also designs and 
produces high frequency motors, 
generators, rectifier type power 
supplies and other Special Elec- 
trical Equipment. We invite your 
inquiries. 





OPEN TYPE MOTOR 
MILLIONS OF MOTORESEARCH GEARMOTORS NOW IN USE! 
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special 
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INDUSTRIAL ELECTRONIC ENGINEERS, Inc 
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°° /F YOU'RE 
INTERESTED 


in the engineering challenge 
of creating magnetic and 
electronic products and 
your future in a growth 
company then this may be 
your opportunity of a life 
time. 

Acme Electric is inter- 
ested in men who can apply 
their engineering talent to 
the design of 


L MAGNETIC 

AMPLIFIER 
CONTROL 
DEVICES 


lM” SATURABLE 
REACTOR 
POWER 
CONTROL 


M ac and De 

REGULATED 
POWER 

SUPPLIES 


These are fast growing 
product lines 
in which we have 
a wealth of experience. 


They may be your lines 
to a successful future. 


WRITE 
TODAY 


ACME ELECTRIC CORP. 


PERSONNEL DEPARTMENT 
358 Water St. 


$AA3502/1957 


POY ALM a So ate 





Cuba, N. Y. | 
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perature range, —60 to +450 F. Male 
contacts with 0.156 in. spacing are 
staked to printed-circuit boards or tape 
cable without soldering. Circuit combi- 
nations for boards, tape and wiring for 
5 to 86 contacts. Matrix Science Corp., 
3311 Winona Ave., Burbank, Calif. 
Circle 560 on Inquiry Card 


MULTIPLE LAMP SOCKETS 


Complete assemblies with sockets 
spaced and wired to specifications can 
be mounted on strips or plates, ground- 
ed or insulated, with soldering termi- 


nals or wire leads. Miniature lamp 
bases include screw, bayonet, cande- 
labra screw, candelabra bayonet and 
intermediate screw. Leecraft Mfg. Co., 
Inc., 58 Greene St., New York 12. 
Circle 561 on Inquiry Card 


DECADE VOLTAGE DIVIDER 


“Dial-A-Vider,” using numeric dial 
switches, comes in three models: DV- 
4003, with three dials and decades; 
DV-4004, with four dials and decades; 
and DV-4006, with six dials and 


decades. All models have constant in- 
put impedance of 10,000 ohms and 
varying output impedances. Resolution 
ranges from 0.001, 0.0001 and 0.000001, 
respectively. Phase angle at 10 ke is 
less than 0.1 deg. Size: 23% in. high; 4 
in. deep; 2346, 2146 and 41349 in. wide, 
respectively. General Resistance, Inc., 
43 Southern Blvd., New York 55. 
Circle 562 on Inquiry Card 
(Continued on page 204) 
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“Sealed” cable —Tinplate 
provides a vapor barrier for 
Western Electric’s Stalpeth tele- 
phone cable. The conductive 
copper core has three protective 
jackets: Aluminum as an elec- 
trical shield and lightning pro- 
tector; continuously soldered 
.0072-in. corrugated tinplate for 
corrosion resistance and me- 
chanical protection; and an outer 
jacket of polyethylene, bonded 
with asphalt-rubber, for moisture 
control. The combination of 
aluminum, tinplate, asphalt-rub- 
ber and polyethylene replaces 
heavy lead sheath. 


STALPETH TELEPHONE CABLE 


CABLE CORE j al 
Ee 

= = ; ALUMINUM 
CORRUGATED TINPLATE i 


with i 
SOLDERED SEAM f 


ASPHALT. RUBBER 
COATING 


POLYETHYLENE 
JACKET 


Photo 

courtesy 
Western 
Electric 


Tin developments— 


« Battery grids are improved by 
alloying tin, lead and barium. 


+ Semiconductor contacts are en- 
hanced by an alloy of tin and 
germanium or silicon. 


¢ Exothermic reaction between tin 
oxide, powdered aluminum, and 
calcium fluoride flux successfully 
welds aluminum conductor ca- 
bles. Ignition of powder creates 
a molten tin alloy which flows 
into joints, sealing cable splices. 


FREE Brochure 


16 interesting 
pages of informa- 
sion about the 
latest uses of tin 
in U.S. industry. 
Write today for 
your copy. 


The Malayan Tin Bureau 
Dept. S-65H, 2000 K Street, N.W., Washington 6, D.C. 
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Signal Indicating - Alarm Activating 


GMT Fuse & HLT Fuseholder 
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Actual Size miniature design 


permits multiple mounting of fuses in 
limited space. Fuseholders can be 
mounted on \ inch horizontal centers. 


Fuse and holder combin- 
ation readily adaptable 
for use in equipment oper- 
ating at 300 volts or less, 
such as: communication 
equipment, business ma- 
chines, computors, con- 
trol equipment or other 
multiple circuit appara- 
tus where space is at a 
premium. 


ea mannan ameaeneaeed § Se SS See 


Indicating spring flashes color-coded 
flag when fuse opens 


to give quick, positive identifi- 
cation of faulty circuit. 


Indicator spring also makes con- 
tact with an alarm circuit so, it 
can be used to flash a light—or 
sound audible signal on fuse panel 
or at a remote location. 


Ask for bulletin GMCS on BUSS 
GMT fuses and HLT holders. 


Another outstanding 
development by the 
makers of BUSS 


“esse en anwrenmnqgeuwnaenanece eee « 
ee eee eee eee anaenmannanananaaanese 


In the BUSS line, 


you'll find the type and size fuse to fit your every need 
... plus a companion line of clips, blocks and holders. 


tig ® 


BUSSMANN MFG. DIVISION, McGrew-Edison Co, UNIVERSITY 
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For many years Furnas Electric has pioneered development 
of outstanding magnetic control features that are now used 
extensively throughout the motor control industry. Among 
“Furnas Firsts” are the outstanding features listed below. 


TRULY TRIP-FREE THERMAL OVERLOAD RELAYS—melting alloy type. 
INon-adjustable trip features assure tamper-proof operation. 


ENCAPSULATED DUAL VOLTAGE COILS—greater heat dissipation, 
and greater mechanical strength. 110-220 or 220-440 volts. 


IN-BETWEEN SIZES—provide wider selection of controls to match your 
motor requirements, effecting savings in cost and space. 


AUXILIARY SWITCHLETS—offer easy means for adding auxiliary cir- 
cuits to the starter at any time. 


PRESSURE OPERATED MAGNETIC STARTERS—a single unit offering 
pilot control for pneumatic and hydraulic systems, eliminating unneces- 
sary wiring and piping. 


Write today for full information—1024 McKee Street, Batavia, Illinois 


FURNAS 


ELECTRIC COMPANY - Batavia, Illinois 


SALES REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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ONE-PART FLEXIBLE 
EPOXY RESIN 


“Scotchcast” electrical resin XR-5029, 
unfilled low-viscosity resin with physi- 
cal and electrical stability at 155 C., 


n\ 


exerts little pressure on embedded parts 
during cure. Noncorrosive. Shore D 
hardness is 18. Stable at room temper- 
ature. Pot life, seven days at 65 C and 
4 days at 95 C. Cures in 18 to 16 hr 
at 150 C. Minnesota Mining and Manu- 
facturing Co., 900 Bush Ave., St. Paul 6, 
Minn. 
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MINIATURE ADD-SUBTRACT 
COUNTER 


Type 30-130 unit is used for plus 
and minus, right and left or directional 
digital readout. Can be driven to +99.9 


with built-in mechanical stops. Drum 
diameter, 0.672 in. Numerals, 0.125 in. 
high. Maximum torque, 0.25 oz-in. at 
room temp. Running speed, 350 rpm 
continuous, with intermittent operation 
at 600 rpm. Melland Gear & Instru- 
ment Co., Inc., 88-06 Van Wyck Ex- 
pressway, Jamaica 18, N. Y. 
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SPECIALLY INSULATED 
MOTORS 
“Capsulex” insulation system is for en- 


capsulated formed coils used in a-c 
motors from 200 to 2000 hp. Protects 


windings against moisture, chemicals, 
oils and abrasive contaminants. Coils 
are encapsulated with silicone elas- 
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electrical porcelain 


Built to your Drawings and Specifications 
SEND US YOUR INQUIRIES 


2725 CORY AVE., AKRON 14, OHIO 


Circle 232 on inquiry Cara 


Coto-Cails 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. }. 
Circle 233 on Inquiry Card 


Write for Bulletin and Prices 


STEEL BLUE . 


SR eg 


making Dies and | — 


Popular package is 
8-oz. can fitted with 
Bakelite cap holding 
soft-hair brush for - 
plying right at bench: 
metal surface ready for 
layout in a few minutes. 
The dark blue background 
makes the scribed lines 
show up in sharp relief, 
prevents metal glare. In- 
creases efficiency and 
accuracy. 


Write for sample 
on company letterhead 
THE DYKEM COMPANY 


Templates 


2303F North 11th St. « St. Lovis 6, Mo. = 
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Thermostatic DELAY RELAYS 


2 to 180 Seconds 


Ler my MMT nh a) CL 
A.C, D.C, or Pulsating Current 
Tee heC Me LCe 
CT MURS UC Mmmm emma eat (43 
SPST only—normally open or closed 
Compensated for ambient temperature 
changes from —55 to ---80 C. Heat 
ers consume approximately 2 W. and 
may be operated continuously. The units 
are rugged, explosion-proof, long- 
lived, and—inexpensive! 

TYPES: Standard Radio Octal, and 9 
List Price, $4.00. 


PROBLEM? Send for 
Bulletin No. TR-81 


Pin Miniature 


Also— Amperite Differential Re- 
VEST CLM ae aCe mL 
CT Mm eee med 


BALLAST REGULATORS 


PT a Mat LOOM CMT MOC LC 
current in a circuit automatically regulated 
at a definite value (for example, 0.5 amp.) 

For currents of 60 ma. to 5 amps. Operate 
on A.C., D.C., or Pulsating Current 


AMPERITE 
dle Ls 


’ 
VOLTAGE OF 24V ' WITH AMPERITE 
BATTERY & CHARGER} VOLTAGE VARIES 
VARIES APPROX. 4 ONLY 


aCe h MLC PLS CROC) LL COLL 
70 € yr humidity Natale) 


List Price, $3.00. 
ai ae cel ae oo olele (MA Sa il acd me Le eed 


AMPERITE 


561 Broadway, New York 12,N. Y.... CAnal 6-1446 
ROCCE REO RM CMG ee mC lm ae 


ambient temperature (—50 to 
light, compact, most inexpensive 


Circle 235 on Inquiry Card 





GUDELACE 

TAKES THE 
SLIPS 
OUT OF 
LACING 


Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 
one end. Gudelace’s flat, nonskid surface grips the pencil—no need for an extra finger 
to hold Gudelace in place while the knot is tied! 


Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that’s real economy. Gudelace is the original flat lacing tape. It’s 
engineered to stay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 
is made of sturdy nylon mesh, combined with special microcrystalline wax, for out- 
standing strength, toughness, and stability. 


Write for a free sample and test it yourself. See how Gudelace takes the slips—and 
the problems—out.of lacing. 


GUDEBROD 


Electronic Division 
225 West 34th Street 12 South 12th Street 
New York 1, N.Y. Philadelphia 7, Pa. 


Visit Gudebrod’s Booth 4718 at the WESCON Show. 
Circle 236 on Inquiry Card 


BROS. SILK CO., INC. 


Executive Offices 


Durakool works Better for you longer 


with Silent? Mercury 
© T-I-M-E-R RELAYS 
e CONTACTORS 
e TILT SWITCHES 


Timer “Fixed Time” Relays 
Tamper proof timing in normally open or 
closed contacts. Choice of ¥2 thru 20 seconds. 


Contactors 
30-60 & 100 amp. 1, 2 and 3 pole combina- 
tions. Normally open or closed contacts. 


Tilt Switches 

Will work in any position around their di- 
ameter. 1 amp. size are mercury to metal 
design. Over 1 amp., mercury to mercury. 
Available uninsulated or insulated in a 
choice of materials. 


Send for 
Engineering 
Bulletin 

No. D73B 


BFC—300 Contactor 
60 ampere 


Durakool 


Circle 237 on Inquiry Card 


tomer, armored with silicone-impreg- 
nated polyester web tape. In open, drip- 
proof, splash-proof and weather-pro- 
tected motors with frame sizes larger 
than 445U; for operating voltages of 
208 to 6000 volts. The Louis Allis Co., 
427 E. Stewart St., Milwaukee 1, Wis. 
Circle 565 on Inquiry Card 


CUSTOM ELECTRONIC 
CONSOLES 


Line of electronic housings is for ap- 
plications including computer, aircraft, 
missile and ground-support equipment. 
Sheet steel is combined with fully 


welded and water-tight finishings. Modu- 
lar construction permits flexibility. 
Beach Mfg. Co., 2000 So. Santa Fe 
Ave., Compton, Calif. 

Circle 566 on Inquiry Card 


ELECTRICALLY 
VARIABLE INDUCTOR 


Model EL-215 miniature saturable-core 
reactor, for low audio range, is wound 
on optically-matched ultra-thin lamina- 
tions of special alloy. Can be used to 


Van:-L” 


VARIABLE 
INDUCTOR 


determine frequencies in filter and oscil- 
lator circuits or as low-frequency sweep- 
ing device. Potted in epoxy resin to 
meet military specifications. Suitable in 
ambient temperatures from —55_ to 
+-85 C. Based on 1-watt power, recom- 
mended range is 30 to 450 cps min and 
250 to 3750 cps max. Vari-L Co., Inc., 
207 Greenwich Ave., Stamford, Conn. 
Circle 567 on Inquiry Card 


CERAMIC-DIODE CLOSURE 


Closure meets the hermetic require- 
ments of MIL, specifications and is suit- 
able for thermal cycling between —65 


ELECTRO-TECHNOLOGY 





RUBICON Model 2782 Five-Dial Potentiomezer— 
Two ranges: 0-1.6 volts in increments of 10 
microvolts, and 0 to 160 millivolts in increments 
of 1 microvolt. Guaranteed limit of error: 0.01 
per cent of reading plus 5 microvolts on the 
upper range; 0.01 per cent of reading plus 1 
microvolt on the lower range. 


Write for Specification Sheet RS2782 for details. 


HOW “ACCURATE” SHOULD A POTENTIOMETER BE? 


Potentiometer accuracy claims can be misleading. They 
can sometimes be based on one-shot tests made under 
ideal laboratory conditions. Their validity can depend 
on the method used to establish limits of error. 


The real measure of potentiometer accuracy is not how 
little the instrument drifts from set resistance values at 
one given moment, but how long it will remain faithful 
to its certified calibration. Only a potentiometer that 
gives consistently stable, reproducible results over its 
entire life can deliver the performance you pay for. 


Such a potentiometer is the one shown above, our 
Model 2782. It incorporates refinements in potentiom- 
eter design that provide high stability and long-term 
accuracy. For example, the use of high-stability 10-ohm 


resistors in the first dial and 1-ohm resistors throughout 
the four lower dials insures permanence of calibration. 
And because the switch of the first dial carries no cur- 
rent at balance, its contact resistance can introduce no 
error of measurement. Many other design innovations 
help maintain the potentiometer’s realistically high 
accuracy. Still, the instrument is priced below com- 
parable potentiometers offering far less. 


All Rubicon instruments are the product of a long tradi- 
tion of engineering excellence and exceptional crafts- 
manship. The complete line is available through any of 
the Honeywell branches throughout the nation. 


MINNEAPOLIS-HONEYWELL, Rubicon Instruments, Ridge 
Ave. at 35th St., Philadelphia 32, Pa. 


Honeywell 


HONEYWELL INTERNATIONAL Sales and Service offices in principal cities of the world. Manufacturing in United States, United Kingdom, Canada, Netherlands, Germany, France, Japan, 
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LET MUELLER 


MAKE I(T! 


Mueller Brass Co. of Port Huron is 
much morediversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals ... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN .. . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS... 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 


trusions, sintered metal parts, screw | 


machine products, formed tube or 
as castings. 


MUELLER HAS THE METALS... and 
the materials . . . to produce pre- 
parts in aluminum, brass, 
bronze, copper, iron, and steel in 
hundreds of different alloys to meet 
each exact requirement. 


cision 


In addition, Mueller Brass Co. has 
complete and modern facilities for 
performing all types of finishing and 
sub-assembly operations. Another 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you’re making 
missiles or mowers ...and no matter 
where you're located, it will pay you 
to LET MUFLLER MAKE IT! 


MUELLER BRASS CO. 


PORT HURON 38, 


208 Circle 239 on Inquiry Card 


MICHIGAN | 


and +150 C. Consists of metalized ce- 
ramic shell with a band of metal fired 
on the outer edge at each end. The 
ceramic is L5 steatite or 85 to 95 per 
cent alumina. Available lengths, *4, 14 
and 1 in. Diameters to 1 in. OD. Metal- 
izing Industries, Inc., 338 Hudson St., 
Hackensack, N. J. 

Circle 568 on Inquiry Ca:d 


RESISTORS 


Series T units, with wattage ranges 
from 4% to 10 watts, resistances from 
0.05 to 200-k ohms and tolerances from 
+0.05 to 5 per cent, incorporate high- 
temperature coating materials which 


allows their use in temperatures to 
+350 C. Impervious to salt spray, hu- 
midity or abrasion in accordance with 
applicable paragraphs of MIL-R-26. 
Omtronics Mfg., Inc., P. O. Box 1419, 
Peony Park Sta., Omaha 14, Nebr. 


Circle 569 on Inquiry Card 


SLIP-RING 
Model SR10M sealed, ten-circuit min- 


iature unit features manually operated 
brush lifter to extend brush life. Size, 
2 in. OD x 15% in. long. Encased in 


stainless steel with permanently lubri- 
cated bearings. Solder terminals on 
rotor and stator are color coded. For 
speeds up to 6000 rpm. Michigan Sci- 
entific Corp., 730 Bellevue, Milford, 
Mich. 

Circle 570 on Inquiry Card 


VARIABLE HEAT-SINK OVEN 


Series 900 ovens thermally stabilize 
power-dissipating circuitry. Size, 114 x 
21, x 2% in. Three models with circuit 
power ratings of 1, 3 and 10 watts and 


GENERAL INDUSTRIES 


SMOOTH © 
POWER 


AC MOTORS 


pack more power into 
less space-give dependable 
trouble-free service! 


| Standard Line 

| AC Induction 
Motors from 
1/1800 to 1/35 H.P. 


In any industry, extra 
Care in manufacturing 
means an extra margin 
of dependability. No- 
where else is this 
“extra” so important as 
in the manufacture of 
motors — for a product 
is only as good as the 
motor that powers it. 





General Industries’ com- 
plete manufacturing fa- 
cilities mean economy, 
too as well as on-time 
delivery. For any frac- 
tional h.p. requirement 
you'll always be right 
when you specify G.I. 


See Our Catalog in 


SWEETS 
7a-Gen 


S 


or write for copy 


} + Quantity Price Quotation 
On Request 


Mesa te 


DEPARTMENT GL * ELYRIA, OHIO 


Circle 240 on Inquiry Card 





MUELLER CAN MAKE MOST ANYTHING IN 
SINTERED METAL PRODUCTS... 


Sintered metal gears, cams, special 
purpose filters and structural mem- 
bers from iron, nickel, stainless steel, 
brass and copper alloys are produced 
by Mueller for practically every seg- 
ment of American industry. What- 
ever your product requirements are, 
the Mueller Sintered Metal Products 
Division is completely equipped to 
supply you with precision parts to 
exact specifications at substantial 
savings. In addition, the engineering 
staff, machining and finishing facili- 
ties of Mueller Brass Co. are an 
important plus value when you 


LET MUELLER MAKE IT! 


! 


MUELLER BRASS CO. 


PORT HURON 38, MICHIGAN 
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| heater power ratings of 7, 14 and 28 
| watts available. Standard operating am- 
bient temperature is —55 to +60 C. 
Viking Industries, Inc., 21343 Roscoe 

Blvd., Canoga Park, Calif. 
Circle 571 on Inquiry Card 


MICROMINIATURE 

TRIMMER CONTROLS 

Model PC-1 and PC-2 wirewound units 
are available from 100 to 10-k ohms. 
Size, 14 diam x 14 in. long. Specifically 


designed for potting. End resistance, 
PUSH TO TEST AT REAR less than 1 per cent. Resolution, 0.25 
AWAY FROM ALL to 1 per cent, depending upon resist- 
CQ HOT CONTACTS ance. Power rating, 0.25 watt. Weight, 
[SS Ss COMPLETELY PROTECTED 0.02 oz. Miniature Electronic Compo- 

AUXILIARY SWITCH nents Corp., Holbrook, Mass. 

Circle 572 on Inquiry Card 
@ Lightweight 
@ Easy to Test TEMPERATURE- 


@ Easy to Service COMPENSATING CAPACITORS 
& Easy to Mount CK series capacitors are available in 
: six sizes from 0.150 in. sq to 0.6 x 0.5 in. 
A quick check of the unique Capacitors feature working voltages of 


features incorporated in this | 150 and 500 volts d-c with capacitance 
totally new Guardian Power | tolerances of +5, +10 and +20 per 
Relay should attract and cent. — Units meet requirements of 
. . . MIL-C-20, withstand temperature range 
intensify the interest of ots See te esl 
> . Sere of —55 to +-150 C. Gulton Industries, 
engineering specialists who Inc., 212 Durham Ave., Metuchen, N. J. 
are responsible for the Circle 573 on Inquiry Card 
Series dependable performance of 
2300 power relay controls. OVENS 
Line of 87 different temperature-con- 
trolled ovens to hold crystals, diodes, 
| transistors and other components, has 


Inverted Coil Construction protects armature and contacts to insure long life, 
reliable electro-mechanical operation. 


. Contacts (D.P.D.T.) U/L rated for 15 amperes at 115 V.A.C. non-inductive, or 
1 H.P. at 115/230 volts, 60 cycles. 


. Screw Type Terminals easily accessible for top or bottom connections. 


4. Recessed Auxiliary Switch up to S.P.D.T. rated at 125 volt amperes Pilot duty 
115/230 V.A.C., 60 cycles, or 10 amperes at 115 V.A.C. non-inductive. 


5. Armature Extension permits manual circuit testing. 
Voltages: 6,12,24,115 and 230 V.A.C., or 6,12,24,110 and 220 V.D.C. 
Size: 35%” x 2%2" x 2%". Shipping Weight: 8 ounces. 


Mounting: Two %«" holes on 17%” centers. Low Priced. 
stabilities to 0.003 C, high reliability 
and meets MIL specifications. Monitor 


Write for Circular and complete details 
Visit Guardian's Booths No. 4408-4410 at 1961 WESCON SHOW | Products Co., 815 Fremont Ave., South 


S VAR D I AN 09 E L E Cc 7 R I ed ee Circle 574 on Inquiry Card 


MANUFACTURING COMPANY ——__——. 


1552-9 W- CARROLL AVENUE, CHICAGO 7, ILLINOIS See Laboratory and Engineering 
“Everything Under Control” 





Equipment on page 212 
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AMUN tg 
LA a 


fT with present 
contact GF now! Re- 
Ommendations and preliminary 
engineering service without 
obligation. 
te 


cenera, eee 


ea €@T GREeENWtCH Woe a eS oa hae N D 
Circle 243 on iecee Card 


oo oe 
BELLS GAUSSMETER us 


® A precision 
laboratory 
instrument 





@ 1 Milligauss 
Resolution 


@ Built-in 
Probe Calibration 


for the best in ceramics... 


. . If you have been looking for a supplier of 

Magnetic field measurement and changing of probes are © : : 

accelerated and simplified with this new Model 120 Bell Sovrtenl poreslein shes poeseoes oun We 

precision Gaussmeter. Measures direction and magnitude quality par , y 
investigate STAR for all your needs. Here at STAR, 


@ Response: D.C. to 400 cps A.C. with special filter. 


of magnetic fields and reads from 100 milligauss full scale, jenil b 
to 30,000 gauss, full scale, in 12 ranges. Useful in the widest we operate under rigid quality standards from basic 


variety of applications. Standard axial and transverse probes raw materials to finished product. Close inspection by 


available; special probes made on request. Also a complete an experienced statistical quality control group helps 
line of reference magnets. you reduce assembly problems and resultant factory 


losses. Write today. We are eager to work with you. 


ELL | si 
INC. The pp \ - Porcelain Company 
34 MUIRHEAD AVEN 3 TRENT N 9, N 


When you think of magnetic field measurement, think of Bell. 


Write for further details 
on this and other models. 


1356 NORTON AVE. @ COLUMBUS 12, 0. @ AX 4-4906 
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Ruggedized Components for 
All Types of Commercial and 
Military Applications 
“Gray Line” precision-built com- 
ponents feature special H-H de- 
sign and construction advantages 
that assure the engineér/de- 
signer maximum dependability 
in the most severe environments. 
Standard types are available to 
meet a wide range of electrical 
and mechanical requirements; 
“specials” can be custom de- 
signed for unusual applications. 


“GRAY LINE” RHEOSTATS 
7 
types from 
"to 1000 
watts. MIL 
types and 


customs 
to ‘specs.’ 


“GRAY LINE” RESISTORS 


® Wide Range of Fixed Resistors 


®@ Flat and Stack Mounting Power Resistors 


—_—— 


© Axial-lead Types from 2 to 10 Watts 


——— 


® Adjustable Resistors from 10 to 200 Watts 


“Gray Line’. . . Stocked 
by Authorized H-H 
Distributors Nationwide! 


HARDWICK 
HINDLE-INC 


40 Hermon Street 
ark 5, New Jersey 


BEE 


a! 


| Laboratory and 


Engineering Equipment 


MAGNETIC-FIELD EVALUATOR 


A-C magnetic-field probe is calibrated 
to operate in conjunction with a-c 
VTVM for determining field intensity. 
Instructions, included with each unit, 


give suggested methods of use. Voltage 
output is noted as function of gauss 
level. Probe consists of air-core induc- 
tor, epoxy cast, within electrostatic 
shield enclosure. Pick-up circuit termi- 
nates at 100 k ohms. Magnetic Shield 
|Div., Perfection Mica Co., 1322 No. 
| Elston Ave., Chicago 22. 

Circle 575 on Inquiry Card 


| OSCILLOSCOPE 
| Model 403-B has a sensitivity of 50 
| mv/em and resolution signal as low as 
10 uv. Twenty-one calibrated sweeps 
;extend from 1 psec/cnt to 5 sec/em. 


| Pl, P2, P7 or P1l phosphors and metal- 
lized screen available. Allen B. DuMont 
Laboratories. 750 Bloomfield Ave.. 

Clifton, N. J. 
Circle 576 on Inquiry Card 


TAPER-PIN INSERTION AND 


EXTRACTION TOOL 


| The Cambion 3060 can be used for both 
| insertion and extraction of taper pins. 


Measurement, 714 in. overall. Cam- 
bridge Thermionic Corp., 445 Concord 
Ave., Cambridge 38, Mass. 

Circle 577 on Inquiry Card 


INDUCTANCE BRIDGE 


Model 63B is designed for measure- 
ments in the audio ranges between 0.4 
and 20 ke. Direct-reading calibration of 


both inductance and resistance dials. 
Dial resolution, 0.01 per cent. Induc- 
tance range, 0.02 wh to 11 henries. Re- 
sistance range, 0.002 ohm to 110 k 
ohms. Accuracy in the order of 0.025 
per cent. Boonton Electronics Corp.., 
738 Speedwell Ave., Morris Plains, N. J. 

Circle 578 on Inquiry Card 


LOW-VOLTAGE 
POWER SUPPLY 


Model 29549 supply operates on 115 
volts, 50 to 60 cps. Maximum rating: 
3 amp, 11 volts a-c or 7 volts d-c con- 


tinuous duty, or 5 amp intermittent 
duty. Cenco Instruments Corp., 1700 
Irving Park Rd., Chicago 13. 


Circle 579 on Inquiry Card 
(Continued on page 214) 
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DON'T & 
GAMBLE ...Wwith your 


product’s reputation 


INSIST ON GENUINE SHMHAKEPROOF 
LIVE ACTION LOCK WASHERS! 


Customer loyalty is not a matter of /uck/ It's based on your product's 
reputation for top quality, trouble-free performance! A good reputation 
depends on the quality of each component used in manufacture and 
assembly, Fasteners—lock washers in particular—carry a big part of this 
responsibility. Washers that don't measure up to the rest of your product 


can cause real trouble .. . can actually result in brand switching by your 
customers. 


Don't Gamble! Don't settle for a lock washer that’s “good enough.” 
Look alikes don't act alike! Genuine Shakeproof Live Action Lock 
Washers bite on both sides . . . the only lock washers that lock right— 
stay tight—where others fail. 


TEST THE BEST—FREE! Send for the free Shakeproof Live 
Action Sample Kit. Includes a wide selection of lock washers and 


the informative “This Washer Locks Where Others Fail” booklet. SHAK 2 2OQor 
2 1g ‘FASTENING HEADQUARTERS” 


DIVISION OF ILLINOIS TOOL WORKS 

St. Charles Road, Elgin, Illinois 

In Canada: SHAKEPROOF/FASTEX, Division of Canada Illinois Tools Ltd 
67 Scarsdale Road, Don Mills, Ontario 


Copyright Shakeproof, Division of Illinois Tool Works, 1961 
Circle 247 on Inquiry Card 


Look for this symbol when you buy or specify to 
be sure you are getting Genuine Shakeproof Live 
Action Lock Washers! 





HYREL FB 
TYPE 400E 


HYREL FB 


DEPOSITED CARBON 
RESISTORS 


Send for Bulletin: 7010-B 


é BLUE JACKET 


VITREOUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 


Ne Send for Bulletins: 
7410-A (Axial Lead), 7400-A (Tab Type) 


——=5—K VOLOHM 
=" ri é CERAMIC INSULATED-SHELL, 
7 POWER WIREWOUND RESISTORS. 


Send for Engineering Bulletin: 7300-A 


2 oc PERMASEAL 


CAST EPOXY HOUSING, 
PRECISION WIREWOUND RESISTORS. 


~.. Send for Engineering Bulletin: 7500 


ae 


PERMASEAL 


FILMISTOR 


PRECISION CARBON FILM RESISTORS. 


Send for Bulletins: 
7000 (Molded shell), 7010-B (Ceramic shell) 


® 
MEG-0-MAX 
GLASS JACKET HIGH VOLTAGE, 


HIGH POWER RESISTORS. 
Send for Engineering Bulletin: 7200-A 


SPIRAMEG 


é HIGH-RESISTANCE SPIRAL ELEMENT 
tt i ei RESISTORS. 


——_ Wee : 
e Send for Engineering Bulletin: 7100 


SPRAGUE ELECTRIC COMPANY 
307 Marshall Street North Adams, Mass. 


SPRAGUE COMPONENTS: RESISTORS @ CAPACITORS @ MAGNETIC COMPONENTS @ TRANSISTORS 
INTERFERENCE FILTERS @ PULSE NETWORKS @ HIGH TEMPERATURE MAGNET WIRE @ PRINTED CIRCUITS | 


214 Circle 248 on Inquiry Card 





MICROWAVE SWEEP 
OSCILLATORS 


Models 682C, 683C, 684C and 686C 
provide a leveled power output over 


their entire swept-frequency range. 


Frequencies: 1 to 2 kmc, 2 to 4 kme, 
4 to.8.1 kme and 8.2 to 12.4 kme, 
respectively. CW or swept r-f output 
throughout individual bands. Wide 
range of sweep speeds. Sweep range 
adjustable and _inde- 
Hewlett-Packard 
Palo Alto, 


continuously 
pendently variable. 
Co.. 1501 Page Mill Rd., 
Calif. 

Circle 580 on Inquiry Card 


IMPEDANCE-MEASURING 
SYSTEM 


Model 291-A impedance-measuring sys- 
tem has measurement resolution of 
120,005 dial divisions. Resistance ac- 
curacy is 0.05 per cent, inductance and 
capacitance accuracies are 0.1 per cent 


at 1 ke. System includes a-c and d-c 
generators and detectors, providing 
sensitivity for attaining specified ac- 
curacy throughout measurement range. 
Electro Scientific Industries, 7524 So. 
W. Macadam Ave., Portland 19, Ore. 

Circle 581 on Inquiry Card 


MICROWAVE AMPLIFIERS 


Series of three amplifiers can be used 
as broadband power amplifiers. One- 
watt amplifier covers 12.4 to 18 kmc; 
two-watt unit, 8 to 12.4 kmc; 5-watt 
unit, 7 to 11 kmc. Units feature gain 
and power output over each range at 
one setting of controls; 30-db gain at 
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versatile, | 
long-lite LF 
pilot light available.:. 


add /ight to the life of your product! 


LONG LIFE—usually outlasts the equipment on which 
_ it is used. Vibration proof, shock proof—gives thou- 
sands of peak operating hours. STYLING—every re- 
quirement covered with wide variety of lens colors 
and shapes, lens imprints, ring finishes, etc.; adds 
beauty to any product. SIMPLIFIES PRODUCTION— 
only 42-inch —. needed—mounts Soe — 
speed nut or snap-fits into your panel... an eve ad. 

1CE—units made to your requirements, delivered to = a “aici al la alcatel 
meet your production schedules... quantities from 

1 to 1,000,000. 


FREE: come-cL0m cele, with delet te Brevel meets 
unusual 


Shaded pole motor—use alone or 
as backbone for geared motor 


eee eeeeeeseeseeseeesseeeeeeeserrree 
eeeesboeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee 


GLOW. Write to us directly, or use the reader 
service card. 


Industrial Devices, Inc. 


— specifications 
for small motor 








applications 


Your new appliances get into 

production — and to market — Series S 
Open Spur 

faster, at lower cost when Gear Motors 

BREVEL supplies your mo- 

tors. Chances are we have a 


suitable design! 


You can rely on BREVEL’s 
experienced specialization to 
design, engineer, and volume- 
produce precision motors that Series W 


. : ‘ Open Worm 
give consistently superior serv- Gear Motor 


AUTOMATION and QUALITY CONTROL ice at low cost. | 
insures the best in Our representatives cover ev- ead tad x 


gear motor. ——# t.. | 


DANO COIL ENCAPSULATION So tean tne eae. eee 


from local offices. Write, wire, peer ' 
* * ° vailable with 
Also send us your specifications for quotation on: phone now... and find out. brake or clutch. 


BOBBIN COILS @ PAPER INTERLEAVE COILS 
COTTON INTERWEAVE COILS @© FORM WOUND COILS 


COILS FOR HIGH TEMPERATURE APPLICATIONS 
TRANSFORMERS MADE TO ORDER F< E 2 om 
BREVEL PRODUCTS CORP. 
CMTC C LRM | Serco Sse how vou 12 want Zar 


> , > CHICAGO: Jerry Golten Co. « : 2750 W. North Ave. * EVerglade 4-5959 
93 Main Street * Winsted, Conn. | LOS ANGELES: Electric Motor Engineering, Inc. * 6515 Sunset Blvd. * Hollywood 9-7393 


TORONTO: Brevel Products, Ltd. * 45 Crockford Bivd. * Scarborough, Ont. * PLymouth 7-5140 
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Need help in 
designing that 


new transistor circuit? 


@ A word to the wise. Prepare yourself! Get the technical 
help you need from an electronic engineer who has specialized 
in semiconductor application. 


This know-how is wrapped up in a series of tutorial articles 
which appeared in this magazine from October 1960 through 
March 1961 under the title: “Semiconductor Electronics.” 


Maybe you missed some of the earlier chapters? Maybe you 
just skimmed the surface in the interest of “speed reading?” 
No matter. The entire 6-article series has been reprinted in 
booklet form to make it handily available for home study or 
on-the-job reference. 


When you've assimilated the contents you'll have a good 
working knowledge of the basic principles that underlie the 
behavior of semiconductor devices. (Even the electronic “pro” 
gets better results when he has the right perspective on 
fundamentals.) Moreover, you'll understand why semiconduc- 
tors work as they do. You'll be able to apply them in your 
circuits. 

All this is presented in a clear-cut, step-by-step discussion, 
in the language of one engineer talking with another. The 
author is Albert A. Sorensen, of Space Technology Labora- 
tories, Inc. Mr. Sorensen, in addition to his work in advanced 
control-system circuits, also teaches transistor electronics in 
the Extension School of the University of Calif. He knows how 
to get his technical facts across to the engineer “student.” 


CONTENTS OF “SEMICONDUCTOR ELECTRONICS” 


1. SOLID-STATE PHYSICS. This opening 
chapter deals with the theory and applica- 
tion of junction diodes and transistors. 
Includes a discussion of atomic theory and 
the crystal structure of materials. 


2. JUNCTION DIODES. Here the author 
covers the application of the principles of 
solid-state physics to the operation and ap- 
plication of diodes. The characteristic 
equation is developed and its practical use 
in design demonstrated. A special] section 
deals with Zener diodes. 


3. JUNCTION TRANSISTORS. This chap- 
ter develops the various characteristics and 
parameters of transistors from basic 
energy-level diagrams. Equivalent circuits 
are defined and their use in the analysis 
of the transistor as a circuit element is 
described. 


4. TRANSISTOR NETWORK ANALYSIS. 
General four-terminal networks are ana- 
lyzed in terms of the various possible 
parameters. The same techniques are then 
applied to transistor circuits. Properties of 
common-base, common-emitter, and com- 
mon-collector connected transistors are 
fully developed. 


5. TRANSISTOR AMPLIFIER DESIGN. 
Here the author provides practical appli- 
cation details with complete information 
on the actual design of various amplifier 
types. 


6. NON-LINEAR AND SWITCHING OP- 
ERATION. In_ this concluding chapter 
the author explores the use of transistors 
as switching devices. Switching is con- 
sidered both as a static and a dynamic 
operation. 


The reprint booklet comprises 44 pages, plus a flexible, 


textured cover that will stand up under 


ard usage. It includes 


an introductory foreword and a quick-reference index. 
The price? Just $2.00 (postpaid). For convenience in order- 
ing use the Reprint Order Form on page 147. 


rated power. For rack or _ bench 
mounting; r-f connectors are position- 
ed front or rear. Alfred Electronics, 
897 Commercial St., Palo Alto, Calif. 

Circle 582 on Inquiry Card 


DIGITAL RECORDING 
SIMULATOR 


Unit allows complete analysis of any 
digital-drum, disk and tape-recording 
system at frequencies up to 600 kc. 


Will record RZ, NRZ and phase-modu- 
lation signals at record amplifier im- 
pedances from 50 to 2000 ohms, power 
sources from 5 to 50 volts and current 
to 270 ma. Magna-Head Div., General 
Instruments Corp., 3216 W. El Segundo 
Blvd., Hawthorne, Calif. 

Circle 583 on Inquiry Card 


D-C POWER SUPPLIES 


Series B-F power supplies feature regu- 
lation that is proportional to current 
change. Ripple is less than 1 per cent 
rms at any output voltage. Ammeter 


and voltmeter are accurate to +2 per 
cent of full scale. Units are derated 
at 35 C ambient temperature. All units 
are frequency sensitive. NJE Corp., 
20 Boright Ave., Kenilworth, N.J. 
Circle 584 on Inquiry Card 


POWER SUPPLY ANALYZER 


Analyzer PSA-100 measures output 
regulation and impedance of regulated 
and unregulated power supplies. Dy- 
namic impedance may be measured at 
frequencies from % cps to 150 ke; 
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NEW SMALL MAGNETIC STARTER 


COSTS LESS, SAVES SPACE 
ON LOW-HORSEPOWER JOBS! 


Square D NEMA Size oo 
Starter Rated 4% to 2 Hp 
for 3-Phase Service 


e You no longer need to buy more 
starter capacity than you can use for low- 
horsepower jobs! This new Square D 
2 rT } =~» Size OO starter is compact, easy to in- 
2 en . S stall, simple to use and maintain—and 
' =e it costs 18% less than the Size O starter 
ee oo you formerly had to specify to get the 
advantages of magnetic control! With 
no sacrifice in quality, this new starter 
provides; straight-through wiring — 
pressure-type terminals— 1-piece over- 
load relays for complete motor protec- 
tion—pushbutton or selector switch 
optional in the cover. Also available 
without overload relays. 


GET THE COMPLETE STORY! Write for Bulletin 
SM-297. Square D Company, 4041 North 
Richards St., Milwaukee 12, Wisconsin. 


New starter is available 
either open or in NEMA 
Type 1 enclosure. Enclosure 
shown with selector switch 
in cover. 


CLASS 8536 


SQUARE J) COMPANY 


wherever electricity is distributed and controlled 
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OU 


ACTUATES ANOTHER 
PRECISION PRODUCT... 


| féstinghouse 


TRI-SNAP 
THERMOSTAT 


A PRODUCT OF 
WESTINGHOUSE ELECTRIC CORPORATION 
MANSFIELD, OHIO 


You can be sure. . . if it’s Westinghouse. Typical of the many great 
products described by this famous slogan are the safe, clean, efficient 
Westinghouse Electric Water Heaters. Westinghouse Water Heaters 
® more than match the demands in today’s homes for a constant 

; supply of hot water. The secret of their maximum operating eff- 
ciency is the Direct Immersion Element—a unique heating element 
installed inside the tank. Completely immersed in the water, it 
heats silently and safely . . . no heat is lost. 


A most important contribution to the efficient and economical 
operation of these fine water heaters is the Tri-Snap Thermostat, 
the automatic temperature control which accurately controls the 
heating element to keep the water at its pre-set temperature (from 
‘ 120°F to 170°F). 


The Tri-Snap Thermostat is actuated by a three-legged element of 
inherently snap-acting Chace Thermostatic Bimetal. Chace has long 
been recognized for the extreme dependability of its one product: 
precision Thermostatic Bimetal. In the field of Bimetal for snap- 
acting elements Chace is the unchallenged leader. The Chace Ther- 
mostatic Bimetal in this application can be expected to perform for 
years—exactly as specified through thousands of cycles to help 
prove that “You can be sure... if it’s Westinghouse”. Manufacturers 
the world over know their names are safe on the outside with Chace 
Thermostatic Bimetals on the inside of their products. 


Sead Now For Our Hew" FD. Booklet’ / 


It contains many well illustrated pages of valuable design data and 
examples of successful applications of bimetal! More than 40 types 
of Chace Thermostatic Bimetal are available in coils, strips and 
completely fabricated elements of your design. 


W. M. CHACE CO. 
Theumostalic Bimetal 


1608 BEARD AVE., DETROIT 9, MICH. 


- 
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outputs to 1 amp at 250 volts d-c can 
also be measured. Computing Sciences, 
Inc., 603 Main St., Westbury, N.Y. 


Circle 585 on Inquiry Card 


OSCILLOSCOPE CAMERA 


Model SM-209 oscilloscope camera al- 
lows aperture, speed and focus ad- 
justments to be set without removing 


camera from scope. Uses f 1.9 75-mm 
anastigmat coated lens. Object-to-image 
ratio is 1:0.9. Calibrated focusing scale 
allows use on different scopes. Unit 
allows up to nine different trace ex- 
posures per print. Electronic Tube 
Corp., 1200 E. Mermaid Lane, Phila- 


| delphia 18. 
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| ALTITUDE TEST CHAMBER 


Chamber provides 20-in. cube of test- 
ing space, altitude of 200,000 ft, and 
temperature range of —100 to +240 F. 
Heat-up time to 240 F is 15 min, evacu- 


? 
ee 


ation time to 150,000 ft is 30 min. Cold- 
wall liner maintains low temperature 
simultaneously with high altitude. 
Manometer indicates altitude. Indus- 
trial Refrigeration Co., Inc., 8940 Ellis 
Ave., Culver City, Calif. 

Circle 587 on Inquiry Card 
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only 90 


“each! 


miniature 


THERMAL time delay 
47-000.0 RELAY 


* In 100 


<P @ Rugged, high strength bakelite housing 


@ Simplifies circuitry . . . cuts costs 
Call or @ Eliminates costly magnetic relays 


Write RATED: 100 milliamps to 10 amps 
Up to 115 V a-c 


PRODUCTS COMPANY OF AMERICA 
6284 N. Cicero Ave. « Chicago 46, Ill. 


Kildare 5-1553 


E-T-A PRODUCTS OF CANADA, LTD. 
265 Craig St. West - Montreal !, Que. 
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20 to 
200 D.P. 


Send your prints 
for quotations 


FOR GAGES 


SPURS 
HELICALS 


WORM AND 
WORM GEARS 


STRAIGHT BEVELS 
LEAD SCREWS 
RATCHETS 
CLUSTER GEARS 
RACKS 
INTERNALS 

ODD SHAPES 


Quadrants and spindles with 
| fine-pitch teeth are cut to 

close limits in our modern 
ES Tell us your needs. 


<_MBeR 


+ On 
IN GEARS o 


(es = 


B COVEY EE WETS. iA 


1035 PARMELE STREET, ROCKFORD, ILLINOIS 
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Now! End Cord and 
Cable ie here 


GRIPMASTE R 


STRAIN 
RELIEFS 
ie 


| 


© Permanently anchor 
exterior conductors 
© Withstand strains up 
to 100 Ibs! 


Low cost, easily installed 
GRIPMASTER Strain Reliefs 
anchor cords and cables at point of 
entry and positively prevent loosening 
of the conductor at the terminals. Solve 
your cord and cable failures PERMANENTLY 
wherever exterior conductors supply the 
power! Underwriters accepted. 
7 
FOR EVERY TYPE OF CONNECTION! 
EVERY ASSEMBLY LINE OPERATION! 


GRIPMASTER ALL-METAL TYPE 


—— Slight pressure permanently positions 
this one-piece type. The strain relief 
forms a smooth metal band which is 
firmly locked in a tenacious grip about 
the cable. 


GRIPMASTER CLICKON TYPE 
Clicks on in seconds, locks securely in => 
position. The Clickon forms animmovable ~- 
ring with uniform pressure around the 
cable circumference. 


GRIPMASTER INSULATED TYPE 
Especially adapted to assembly line 
operations. Forms a neat, compact ring, 
holding the cable in a vise-like grip. 


GRIPMASTER WIRE 
BINDING SLEEVES — 


Prevent the fraying of 
cord ends. Specially treat- 
ed rubber tubes available 
in 5 wire sizes to .790. 
CALL OR WRITE TODAY, FOR NEW 
CATALOG, SAMPLES, QUOTATIONS 


GEORGE WALKER COMPANY 


EXCLUSIVE MANUFACTURERS 
118 AMSTERDAM AVENUE, PASSAIC, NEW JERSEY 
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Now NO-BLADE Stripping 
makes wire damage 
impossible! 


THERMO-STRIP 


FOR PLASTIC INSULATION 


e For use where absolutely no wire damage 


is permissible 


e Can operate continuously—no warm-up delay 
e Infinitely variable heat control—prolongs 
element life—reduces fumes 


Especially designed to meet zero-defect 
requirements in assembly of missiles 
components, aircraft, computers and other 
precision electronic systems and instruments, 
the new Ideal Thermo-Strip Hot Wire Stripper 
completely eliminates the possibility of nicks, 
breaking or disturbing of strands in even the 
finest wires. Not just a converted soldering 
iron, it is all new, light-weight, easy-to-use, 


and safely removes all 


types of thermo-plastic 


insulation, including 
Tefion. 


COMPLETE... 
READY TO USE... 


Includes 50-watt 
transformer and tool 

of your choice. 

(Shown with Pincer 
mounted for high-speed 
production stripping.) 


ee ts —— | 


Sold Through America’s Leading Distributors 
IN CANADA: IRVING SMITH, Ltd., Montreal 


PINCER 

Just grip wire, twist, and 
pull off insulation slug 
with heating elements. 


SINGLE LOOP 

For “probing” into miniature 
or crowded assemblies. Just 
put wire end in V-notch 

of electrode. 


Elements may be formed for any 
wire size or particular service. 


ues 
Ott ae 
Te 


Company 


Name_ 
I 
I 


| Address 


IDEAL INDUSTRIES, Inc. 
1008-H Park Avenue, Sycamore, Iilinois 


[_] Have your representative 
arrange a trial for me. 


Gem | 


O Send data only now. 
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PRODUCT INDEX 


Components, parts and materials described in this issue’s 
editorial and advertising pages. 


Key: page number only indicates 


“e” with page number 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Capacitors—30, 52, 133, 
153e, 15Ge, 166e, 210e 
Brakes—180 


150e, 


Choppers—160e 
Clutches—156e, 164e 


Contact devices 
Brushes and brush bolders—18, 
33, 160 
Slip rings—208e 


Cooling equipment—Inside front 
cover 


Crystals—198e 


Electron tubes 
Cathode ray—176e 
Phototubes—150e 
Power—154e 
Regulator—205 


Fans and blowers—194e, 221 


Heating elements—150e, 
208e, 210e, 211 


192e, 


Lights, indicator—215 


Magnetic components 
Coils and windings—150e, 153e, 
174e, 205 
Cores—42, 186e 
Laminations—195 
Permanent magnets—49, 155 


Microwave devices—150e, 
164e, 188e 


154e, 


Potentiometers—153e, 207 
Printed circuits—149 


Protective devices 
Circuit breakers—27, 
168e 
Fuses—203 
Thermal—Back 
182e 


154e, 


cover, 168e, 


Reactors—176e, 20G6e 


Relays 


General purpose—125, 
182, 196 

Industrial—15, 45, 210 

Mercury—206 

Miniature—8, 51, 138, 196 

Special—8, 120e, 173 

Telephone—196 

Time relay—170e, 205, 219 


Resistors—120e, 121, 143, 
153e, 160e, 188e, 190e, 
208e, 210e, 212, 214 


150e, 
198e, 


Seals and 
20G6e 


terminals, hermetic— 


Semiconductor devices 


Photocells—150e, 178e, 184e 

Rectifiers and diodes—}39, 160e, 
162e, 163, 164e, 166e, 168e, 
170e, 178 


advertisement: letter 


indicates editorial mention. 


Transistors—Inside front cover, 
21, 24, 43, 158e, 167, 179, 
187 


Servo components—166e 
Solenoids—129, 168 
Spark gaps—184e 


Switches 

Acceleration—160e 

Controllers and contactors—14, 
32, 151, 188e, 204, 217 

Limit—14, 141, 152 

Pressure—152, 182e 

Pushbutton—14, 46, 158e, 169 

Rotary—46, 124e, 172e 

Slide—182e, 194 

Snap action—185, 186e 

Special—15, 152, 169, 
192e, 202e 

Toggle—46, 169 


178e, 


Telephone handsets—134 


Timers—153e, 15Ge, 162, 


2. 223 


180e, 


Transducers 
Linear displacement—154e 
Thermostats—159 
Thermocouples—150e 
Pressure—16G6e, 170e, 180e 
Special—153e, 188e 


Transformers—145, 150e, 


215 


15Ge, 


Valves, solenoid—168e 


Wire and cable 


Magnet—31, 150e, 176e, 183 


Wiring devices 
Connectors—131, 160e 
Cord grips—219 
Cord sets—25, 172 
Sockets—202e 
Terminals—Inside back cover 
Terminal blocks—186 


COMPONENTS, 
MECHANICAL / STRUCTURAL 


Actuators—174e 

Air motors—158e 
Bearings—1 
Bushings—158e 
Counters—160, 204e 


Fasteners 
Pressure-displacement—172e 
Screws—158e, 174e 


Gears—171, 219 

Housings and enclosures—206e 
Mounting hardware—196e 
Plastics parts—154e 

Seals and gaskets—192 


Washers—160e, 213 
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Components, parts and materials described in this issue’s 
editorial and advertising pages. 


Key: page number only indicates advertisement 


page number 


COMPUTERS AND 
COMPUTING COMPONENTS 


Data systems—29 
Delay lines—154e 


Digital modules—36, 66e, 
153e, 156e, 190e 


150e, 


Function generators—166e 
Readouts—201 


Tape devices—153e, 184e 


DRIVES 


Mechanical 
Constant speed—186 


INSTRUMENTS AND TEST 
EQUIPMENT 


Amplifiers—160e, 
214e 


164e, 166e, 


Calculators—140 
Environmental chambers—218e 


Generators, electronic—15é6e, 
164e, 180e, 190e, 214e 


Meters—5, 150e, 156e, 164e, 211 
Oscilloscopes—135, 164e, 212e 


Power supplies—117, 154e, 164e, 
186e, 194e, 198, 212e, 216e 


Recorders—35, 122e, 
197 


150e, 158e, 


Special test equipment—130e, 
150e, 158e, 160e, 164e, 166e, 
190, 212e, 214e, 21Ge, 218e 


MATERIALS, 
ELECTRICAL / ELECTRONIC 


Conductive materials—137, 189 


Insulation and dielectrics 

Asbestos—41 

Casting resins — 119e, 
158e, 160e, 162e, 204e 

Ceramics and glass—154e, 156e, 
191 

Fabricated parts—(see: 
Services) 

Fiber—2, 181 

Films—34, 139 

Laminates—23, 
196e, 199 

Molding compounds—37, 48, 
15Ge, 157, 158e, 160e, 184 

Paper—2 

Pressboard—158 

Tape—41, 139 

Tubing—139, 164, 178 


153e, 


15Ge, 162e, 


AUGUST 1961 


indicates edit 


Magnetic materials 
Electrical steel—148 
Phosphors—162e 
Silicones—23 
Wire and cable—(see: Compo- 
nents, Electrical/Electronic) 


MATERIALS 
MECHANICAL / STRUCTURAL 
Adhesives—154e 
Fabricated parts—(see: Services) 
Metal forms 
Foil—154e 
Thermostatic bimetal—218 
Tubing—123 
Metals 
Tin—202 
Non-metallic materials 
Lubricants—168e 


Protective coatings 
Chemical—156Ge, 161, 192 


MOTORS AND GENERATORS 


Fractional-hp motor:s—150e, 154 
165, 192e, 196e, 208, 215, 221 

Gearmotors—4, 174, 177, 201 

Integral-hp motors—165, 204e, 
221 

Precision—200 

Special—80e, 160e, 168e, 193 


Synchronous motors—142, 176e 


PRODUCTION EQUIPMENT, 
TOOLS 


Lacing tape—206 

Layout fluid—205 

Processing equipment—Inside back 
cover, 16 

Welding equipment—178e, 224 

Wire strippers—220 

Wiring machines—170e, 184 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramic fabrication—175, 190, 
205, 211 

Coil winding—153, 215 

Metal fabrication—127, 198, 201, 
206 

Plastics fabrication—127 


SERVICES, MISCELLANEOUS 


Employment—10, 202 
Testing—19 


| A ET da Mt 


SPECIALISTS IN ELECTRIC 


MOTORS 


1/100 to 60 HP 


et 
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TOP NAME BRANDS 


[Daytor rw) 96) Wagner 


4000 Items in Stock 


PROMPT DELIVERY. Warehouses 
and sales offices coast-to-coast (see list 
below.) All fully stocked for pick-ups or 
24-hour shipping service. 


SALESMEN at each office available for 
help and guidance. 


WHOLESALE ONLY. Free net price 
catalog sent only when requested on 


letterhead. No consumer requests hon- 
ored. O.E.M. prices for quantity buyers. 


212 PAGE CATALOG and buying 

guide. Includes detailed descriptions 
on over 4000 items. Lots of tech- 
nieal and application data. Request 
your free copy. 


ee 
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WRITE OR PHONE 


ALABAMA 

BIRMINGHAM 4e 701-6th Ave. N. 
ARIZONA 

PHOENIX e 1022 N. 21st Ave. 
ARKANSAS 

LITTLE ROCK e 1805 Scott St. 
CALIFORNIA 

FRESNO 2¢ 101 Van Ness Ave. 

LOS ANGELES 33¢ 1401 E. 3rd St. 

OAKLAND 7 2200 Adeline St. 

SAN DIEGO 10144 W. Market St. 


SAN FRANCISCO 10¢519 Potrero Ave. 


COLORADO 

DENVER 4695 Bryant St. 
CONNECTICUT 

WEST HARTFORD « 201 Dexter Ave. 
DISTRICT OF COL. 

WASHINGTON 18 1860 Adams, N.E. 
FLORIDA 

JACKSONVILLE 6035 W. 12th St. 

MIAMI 37 2727 N.W. 2nd Ave. 

TAMPA 6e 1509 Cypress St. 
GEORGIA 

ATLANTA 16¢ 1046 Memorial Dr., S.E. 
ILLINOIS 

CHICAGO 12¢2330 W. Adams St. 


MELROSE PK, 1660 N. Mannheim Rd. 


INDIANA 

INDIANAPOLIS 2¢1714 E. Riverside 

SOUTH BEND 18¢ 1133 So. Main St. 
IOWA 

DAVENPORT e 1215 E. River St. 

DES MOINES 14°66 Washington Ave. 
KANSAS 

WICHITA 51201 N. Mosley St. 
KENTUCKY 

LOUISVILLE 3¢ 120 S. 12th St. 
LOUISIANA 

NEW ORLEANS 25¢ 4513 Eve St. 

SHREVEPORT ¢ 2031 Texas Ave. 
MARYLAND 

BALTIMORE 30¢800 S. Hanover St. 
MASSACHUSETTS 

BOSTON 36¢84 Lincoln St. 
MICHIGAN 

DETROIT 31701 E. Mc Nichols Rd. 


GRAND RAPIDS 3545 Grandville S.W. 


MINNESOTA 
MINNEAPOLIS 4 1818-4th St. S. 
MISSOURI 
KANSAS CITY 8¢ 1629 Broadway 
ST. LOUIS 6¢ 1601 N. 7th St. 


ft 





NEBRASKA 
OMAHA 10¢ 1531 N. 18th St. 
NEW JERSEY 
NEWARK 2¢ 355 Mulberry St. 
NEW YORK 
ALBANY 6¢ 20 Colvin Ave. 
BUFFALO 4¢ 105 Ash St. 
HICKSVILLE, L. |.¢41 Bloomingdale Rd. 
NEW YORK 13¢533 Canal St. 
ROCHESTER 4¢ 42 Scio St. 
SYRACUSE 6¢ Tarbell Rd. 
NORTH CAROLINA 
CHARLOTTE 3¢ 1216 S, Mint St. 


OHIO 

CINCINNATI 6@ 2400 May St. 

CLEVELAND 14¢ 2150 Hamilton Ave. 

COLUMBUS 15¢ 400 E. Livingston Ave. 

DAYTON 2¢222 Washington St. 

TOLEDO 2¢520 Southard St. 

YOUNGSTOWN 2¢ 16 Pyatt St. 
OKLAHOMA 

OKLAHOMA CITY 2¢316 E. Grand Ave. 

TULSA 19¢1738 S. Boston Ave. 
OREGON 

PORTLAND 17¢ 2410 N. Mississippi 
PENNSYLVANIA 

ALLENTOWN e@ 723 E. Green St. 

PHILADELPHIA 403215 Spring Garden 

PITTSBURGH 13812 Penn Ave. 
RHODE ISLAND ; 

PROVIDENCE 5 236 Georgia Ave. 
TENNESSEE 

KNOXVILLE 173528 Broadway N.E. 

MEMPHIS 3¢ 339 So. Front St. 

NASHVILLE 4¢210-17th Ave. N. 


TEXAS 
DALLAS 10¢ 2425 Ferris St. 
EL PASO ® 1100 E. Missouri St. 
FT. WORTH 3601119 W. 5th St. 
HOUSTON 14¢ 1409 St. Emanuel St. 
SAN ANTONIO 2¢606 E. Crockett St. 


UTAH 

SALT LAKE CITY 16¢527 No. 3rd W. 
VIRGINIA 

NORFOLK 8835 W., 44th St. 

RICHMOND 20¢ 1427 W. Cary St. 
WASHINGTON 

SEATTLE 44 2001 Grand St. 

SPOKANE 1¢W. 22 Main Ave. 
WEST VIRGINIA 

CHARLESTON e 1037 Central Ave. 
WISCONSIN 

MILWAUKEE 4¢ 136 E, Walker St. 


EA aR PONE ron 


# 


‘WWIURAINGER.INC. 


Dept. 219-C, GENERAL OFFICES, CHICAGO 12 


Circle 258 on Inquiry Card 





workhorse of 
reliability 
testing 


This A. W. Haydon ETI is ideal for 
applications where space is a prob- 
lem. Less than 3” long, 14%” dia, it’s 
production-test-proved to record up 
to 9,999.9 hours at better than 
99.9% accuracy—much more relia- 
bility than what it’s testing. The 
23200 series for 60-cycle, or the 
25200 series for 400-cycle run on 3 
watts of 115 v., exceed requirements 
of MIL-M-7793. These ETl’s are tested 
for service from —65° to +250°F... 
altitude to 80,000’...20g vibration up 
to 2,000 cycles. To get full details, 
write The A.W. Haydon Company today. 


AYDON 


COMPANY 


234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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Electro-Technology 


Formerly Electrical Manufacturing 


205 East 42 Street, New York 17, N. Y. Telephone: MU 9-3250 


BUSINESS STAFF 


ROBERT G. DRAKE, Sales Manager 
AL ROSE, Sales Promotion Manager 


ZONIA M. DOBRIAN, Advertising Service Mgr. 


CHICAGO, 737 No. Michigan Ave. 

John T. Dix, Director of Midwest Operations 
David Jealous, Regional Sales Mgr. 

Charles P. Gass 


BEVERLY HILLS, 8655 Wilshire Blvd. 
John C. Clemens 


NEW ENGLAND, Ridgefield, Conn. 
Kenneth F. Fairleigh 


NEW YORK, 205 East 42 Street 

James J. Sullivan, Regional Sales Mgr. 
Robert A. Kuhn 

Edward H. Nelson 
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tiniest timer 
for 


reliability 
studies 


This A. W. Haydon ETI is essential for 
applications where space is critical. 
We don’t know of any other ETI that 
can touch it for size—only % cubic 
inch. It records hours to 999.9 or 
9999, with over 99.9% accuracy... 
runs on a half watt, 115 v, 400-cycle 
input...weighs 0.75 oz....exceeds 
requirements of MIL-M-26550. Tem- 
perature range, —65° to +250°F... 
altitude 80,000’...20g vibration up to 
2,000 cycles. The microminiature ETI 
is designed for reliability test engi- 
neering. For full details on this, and 
its companion events counter, write 
The A. W. Haydon Company today. 


AYDON 


COMPANY 


| 234 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
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WELD REPEATABILITY 
BEFORE 

PRODUCTION STARTS 


With information yours for the asking, you can set the 
repeatability of production welds before production begins. 
= And repeatability is the essence of weld reliability. The basis 

for this technique is the WELD SCHEDULE— 
the heart of controlled production welding. 
Full information is obtained in a new tech- 

nical report now available from Weldmatic. This is another 

example of Weldmatic leadership—in precision welding technol- 

ogy as well as in the manufacture of resistance welding systems / 

950 Royal Oaks Drive /Monrovia, California wo 


WELDMATIC DIVISION /UNITEK 
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on the facing pages. 

Simply circle the numbers that 
apply to specific items in which you 
are interested. Your information re- 
quests will be forwarded promptly 
within 48 hours of receipt of card. 
To expedite, please print or type 
your name and address. 
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101 133 165 197 229 261 283 325 358 391 424 457 | 501 520 539 558 577 597 617 637 657 677 697 717 737 756 775 794 813 833 
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104 136 168 200 232 264 296 328 361 394 427 460 | 504 523 542 561 580 600 620 640 660 680 700 720 740 | 759 778 816 836 
105 137 169 201 233 265 287 329 362 395 428 461 | 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 817 837 
106 138 170 202 234 266 298 330 363 396 429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 818 
107 139 171 203 235 267 299 331 364 397 430 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 819 
108 140 172 204 236 268 300 332 365 398 431 464 | 508 527 546 565 584 604 624 644 664 684 704 724 744 | 763 782 820 
108 141 173 205 237 269 301 333 366 399 432 465 | 502 528 547 566 585 60S 625 645 665 685 705 725 745 | 764 783 821 
110 142 174 206 238 270 302 334 367 400 433 466 | 510 529 548 567 586 606 626 646 666 686 706 726 746 | 765 784 822 
111 143 175 207 239 271 303 335 368 401 434 467 | 511 530 549 568 587 607 627 647 667 687 707 727 747 | 766 823 
112 144 176 208 240 272 304 336 369 402 435 468 | 512 531 550 569 588 608 628 648 668 688 708 728 748 786 824 844 
113 145 177 209 241 273 305 337 370 403 436 469 | 513 532 551 570 589 609 629 649 669 689 709 729 749 | 768 787 825 845 
114 146 178 210 242 274 306 338 371 404 437 470 | 514 533 552 571 590 610 630 650 670 690 710 730 750 | 769 788 826 846 
115 147 179 211 243 275 307 339 372 405 438 471 | 515 534 553 572 591 611 631 651 691 770 
116 148 180 212 244 276 308 340 373 406 439 472 | 516 535 554 573 582 612 632 652 692 790 
117 149 181 213 245 277 309 341 374 407 440 473 | 517 536 555 574 583 613 633 653 
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ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS 656 NEW LITERATURE 932 
101 133 165 228 261 293 325 358 501 520 539 558 577 597 617 637 657 677 697 717 737 | 756 775 794 813 833 
102 134 166 198 230.262 294 326 359 392 425 458 | 502 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 
103 135 167 199 231 263 295 327 360 393 426 459 | 503 522 541 560 579 599 619 639 659 679 699 719 739 758 777 796 815 835 
104 136 168 200 232 264 296 328 361 394 427 460 | 504 523 542 561 580 600 620 640 660 680 700 720 740 759 778 816 836 
105 137 169 201 233 265 297 329 362 395 461 | 505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 
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107 139 171 203 235 267 289 331 364 397 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 839 
108 140 172 204 236 268 300 332 365 398 464 | 508 527 546 565 584 604 624 644 664 684 704 724 744 | 763 782 801 820 840 860 
108 141 173 205 237 269 301 333 366 399 465 | 509 528 547 566 585 605 625 645 665 685 705 725 745 | 764 783 802 821 841 861 
110 142 174 206 238 270 302 334 367 400 466 | 510 529 548 567 586 606 626 646 666 686 706 726 746 | 765 784 803 822 842 862 
111 143 175 207 238 271 303 335 368 401 467 | 511 530 549 568 587 607 627 647 667 687 707 727 747 | 766 785 804 823 843 863 
112 144 176 208 240 272 304 336 369 402 468 | 512 531 550 569 588 608 628 648 668 688 708 728 748 | 767 786 805 824 844 864 
113 145 177 208 241 273 305 337 370 403 468 | 513 532 551 570 589 609 629 649 669 689 709 768 787 806 825 845 865 
114 146 178 210 242 274 306 514 533 552 571 590 610 630 650 670 690 710 769 788 807 826 846 866 
195 147 178 211 243 275 307 631 651 770 789 808 827 847 867 
116 148 180 212 244 276 308 632 652 771 790 809 828 848 868 
181 309 633 653 772 791 810,829 849 869 
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NEW COMPONENTS 636 NEW LITERATURE e32 952 
520 539 558 577 597 617 637 657 677 697 717 737 | 756 775 794 813 833 853 
521 540 559 578 596 618 638 658 678 698 718 738 | 757 776 795 814 834 854 
522 541 560 579 599 619 639 659 679 699 719 739 | 758 777 796 815 835 855 
523 542 561 580 600 620 640 660 680 700 720 740 | 759 778 797 816 836 856 
505 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 798 817 837 857 
506 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 799 818 838 858 
507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 800 819 839 859 
508 527 546 565 584 604 624 644 664 684 704 724 744 | 763 782 801 820 840 860 
509 528 547 566 585 605 625 645 665 685 705 725 745 | 764 783 802 821 841 861 
510 529 548 567 586 606 626 646 666 686 706 726 746 | 765 784 803 822 842 862 
511 530 549 568 587 647 667 687 766 785 804 823 843 863 
531 550 588 648 668 688 767 786 805 824 844 864 
532 649 689 768 787 806 825 845 865 
533 590 650 690 738 826 846 866 
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Contact AND tooling designed 


and produced by Burndy 

.-- to achieve optimum performance 
and uniformity... 

by the one organization 

that devotes all 

its creative engineering talent 

to this vital objective 

and assumes 

total responsibility 


for the results. 


the tool 


—for thirty-seven years, the leader in solderless connections 
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If you're now designing for 
THERMOELECTRIC HEATING-COOLING 
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“Now is the time to contact ™. 
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/ STEVENS FOR THERMOSTATIC CONTROLS * 


Stevens Type MX thermostats, either hermetically sealed (left) or semi-enclosed (right), 
help you avoid complicated control circuits in thermoelectric devices. 


One method is to apply a Type MX thermostat to the cold plate with a spot of epoxy 
and have the thermostat control the input, either through a relay or by controlling 
AC input to a rectifier which feeds the thermoelectric cooling unit. Simple and reliable? 
You bet. Inexpensive, too! Check us for full details while your product is in the 

A-4310 A 


design stage. 


STEVENS manufacturing company, inc. 
P. O. Box 1007 * Mansfield, Ohio 
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